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OBJECTS    AND    RUi^lU| 

THE  association.^  DIVERSITY: 

OBJECTS-  ^^ 

Tub  Association  contemplates  no  interference  with  the  ground  occupied  by 
other  Institutions.  Its  objects  are, — To  give  a  stronger  impulse  and  a  more 
systematic  direction  to  scientific  inquiry, — to  promote  the  intercourse  of  those 
who  cultivate  Science  in  different  parts  of  the  British  Empire,  with  one  an- 
other, and  with  foreign  philosophers, — to  obtain  a  more  general  attention  to 
the  objects  of  Science,  and  a  removal  of  any  disadvantages  of  a  public  kind 
which  impede  its  progress. 

RULES. 

ADMISSION  OP  MEMBERS  AND  ASSOCIATES. 

All  Persons  who  have  attended  the  first  Meeting  shall  be  entitled  to  be- 
come Members  of  the  Association,  upon  subscribing  an  obligation  to  con- 
form to  its  Rules. 

The  Fellows  and  Members  of  Chartered  Literary  and  Philosophical  So- 
cieties publishing  Transactions,  in  the  British  Empire,  shall  be  entitled,  in 
like  manner,  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees,  of 
Philosophical  Institutions,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Council 
or  Managing  Committee,  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

Persons  not  belonging  to  such  Institutions  shall  be  elected  by  the  General 
Committee  or  Council,  to  become  Life  Members  of  the  Association,  Annual 
Subscribers,  or  Associates  for  the  year,  subject  to  the  approval  of  a  General 
Meeting. 

COMPOSITIONS,  SUBSCRIPTIONS,  AND  PRIVILEGES. 

Lips  Members  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shall  receive  gratuitously  the  Reports  of  the  Association  which  may  be  pub- 
lished after  the  date  of  such  payment.  They  are  eligible  to  all  the  offices 
of  the  Association. 

Annual  Subscribers  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  following  year  the  sum  of  One  Pound.  They  Bhall  receive 
gratuitously  the  Reports  of  the  Association  for  the  year  of  their  admission 
and  for  the  years  in  which  they  continue  to  pay  without  intermission  their 
Annual  Subscription.  By  omitting  to  pay  this  Subscription  in  any  particu- 
lar year,  Members  of  this  class  (Annual  Subscribers)  lose  for  that  and  all 
future  years  the  privilege  of  receiving  the  volumes  of  the  Association  gratis : 
but  they  may  resume  their  Membership  and  other  privileges  at  any  sub- 
sequent Meeting  of  the  Association,  paying  on  each  such  occasion  the  sum  of 
One  Pound.     They  are  eligible  to  all  the  Offices  of  the  Association. 

Associates  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 
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XV111  RULES  OF  THE  ASSOCIATION. 

The  Association  consists  of  the  following  classes  t— 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on  ad- 
mission Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  subject  to  the 
payment  of  One  Pound  annually.  [May  resume  their  Membership  after  in* 
termission  of  Annual  Payment.  J 

4.  Annual  Members  admitted  in  any  year  since  1830,  subject  to  the  pay- 
ment of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each  following 
year.  [May  resume  their  Membership  after  intermission  of  Annual  Pay- 
ment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  Oqe  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Reports,  gratis,  or  to  purchase  it  at  reduced  (or  Members')  price, 
according  to  the  following  specification,  viz. : — 

1.  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  pf  Two  Pounds  as  a  Book  Subscription,  or,  since  1845,  a 
further  sum  of  Five  Pounds. 
New  Life  Members  who  have  paid  Ten  Pounds  as  a  com- 
position. 
Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription, 
ft.  At  reduced  or  Members*  Prices,  vis.  two-thirds  of  the  Publication 
Price. — Old  Life  Members  who  have  paid  Five  Pounds  as  a 
composition  for  Annual  Payments,  but  no  farther  sum  as  a 
Book  Subscription. 
Annual  Members,  who  have  intermitted  their  Annual  Subscrip- 
tion. 
Associates  for  the  year.     [Privilege  confined  to  the  volume  for 
that  year  only.] 
3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 
of  the  first  seventeen  volumes  of  Transactions  of  the  Associa- 
tion, and  of  which  more  than  100  copies  remain,  at  one- third  of 
the  Publication  Price.    Application  to  be  made  (by  letter)  to 
Messrs.  Taylor  &  Francis,  Red  Lion  Court,  Fleet  St.,  London. 
Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

MEETINGS. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  General  Committee  at  the  pre- 
vious Meeting ;  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Offi- 
cers of  the  Association. 

OENERAL  COMMITTEE. 

The  General  Committee  shall  sit  during  the  week  of  tke  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

1.  Presidents  and  Officers  for  the  present  and  preceding  years,  with 
authors  of  Reports  in  the  Transactions  of  the  Association. 

£.  Members  who  have  communicated  any  Paper  to  a  Philosophical  Society, 
which  has  been  printed  in  its  Transactions,  and  which  relates  to  such  subjects 
as  are  taken  into  consideration  at  the  Sectional  Meetings  of  the  Association. 
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&.  Office-bearers  for  the  time  being,  or  Delegates,  altogether,  not  exceed- 
ing three  in  number,  from  any  Philosophical  Society  publishing  Transactions. 

4.  Offiee-bearers  for  the  time  being,  or  Delegates,  not  exceeding  three, 
from  Philosophical  Institutions  established  in  the  place  of  Meeting,  or  in  any 
place  where  the  Association  has  formerly  met. 

5.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and  who 
are  specially  nominated  in  writing  for  the  Meeting  of  the  year  by  the  Presi- 
dent and  General  Secretaries.. 

6.  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  Sections  are 
tJMjffido  members  of  the  General  Committee  for  the  time  being. 

SECTIONAL  COMMITTEES. 

The  General  Committee  shall  appoint,  at  each  Meeting,  Committees,  con- 
sisting severally  of  the  Members  most  conversant  with  the  several  branches 
of  Sciepce,  to  advise  together  for  the  advancement  thereof. 

The  Committees  shell  report  what  subjects  of  investigation  they  would 
particularly  recommend  to  be  prosecuted  during  the  ensuing  year,  and 
brought  under  consideration  at  the  next  Meeting. 

The  Committees  shall  recommend  Reports  on  the  state  and  progress  of 
particular  Sciences,  to  be  drawn  up  from  time  to  time  by  competent  persons, 
for  the  information  of  the  Annual  Meetings. 

COMMITTEE  OF  RECOMMENDATIONS. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee,  which 
shall  receive  and  consider  the  Recommendations  of  the  Sectional  Committees, 
and  report  to  the  General  Committee  the  measures  which  they  would  advise 
to  be  adopted  for  the  advancement  of  Science. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects,  shall  be  submitted  to  the  Com- 
mittee of  Recommendations,  and  not  taken  into  consideration  by  the  General 
Committee,  unless  previously  recommended  by  the  Committee  of  Recom- 
mendations, 

LOCAL  COMMITTEES. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association  to 
assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers  those 
Members  of  the  Association  whose  assistance  they  may  desire. 

OFFlCEgS. 

A  President,  two  or  more  Vice-Presidents,  one  or  more  Secretaries,  and  a 
Treasurer,  shall  be  annually  appointed  by  the  General  Committee. 

council. 
In  the  intervals  of  the  Meetings,  the  affair*  of  the  Association  shall  be 
managed  by  a  Council  appointed  by  the  General  Committee.     The  Council 
may  also  assemble  for  the  despatch  of  business  during  the  week  of  the 
Meeting. 

PAPERS  AMD  COMMUNICATIONS. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to  reserve 

his  right  of  property  therein. 

accounts. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 

appointed  by  the  Meeting. 
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II.  Tabic  showing  the  Names  of  Members  of  the  British  Association  who 
have  served  on  the  Council  in  former  years. 

Acland,  Sir  Thomas  D.,  Bart.,  F.R.S. 
Acland,  Professor  H.  W.,  M.D.,  F.R.S. 
Adams,  J.  Couch,  M.A.,  F.R.S. 


Adamson,  John,  Esq.,  F.L.S. 

Ainslie,  Bov.  Gilbert,  D.D.,  Master  of  Pern- 

broke  Hall,  Cambridge. 
Airy.G.  B.,D.C.L.,F.R.S.,  Astronomer  Royal. 
Alison,  Professor  W.  P.,  M.D.,  F.R.S.E. 
Ansted,  Professor  D.  T.,  MX,  F.R.S. 
Argyll,  George  Douglas,  Duke  of,  F.R.S. 
Arnott,  Neil  M.D.,  F.R.S. 
Ashburton,  William  Bingham,  Lord,  D.C.L. 
Atkinson,  Rt  Hon.  R.,Lord  Mayor  of  Dublin. 
Babbage,  Charles,  Esq.,  MX,  F.R.S. 
Babington,  C.  C.,  Esq^  MX,  F.R.S. 
Baily,  Francis,  Esq.,  F.R.S.  (deceased). 
Baker,  Thomas  Barwick  Lloyd,  Esq. 
Balfour,  Professor  John  H.,  M.D.,  F.R.S. 
Barker,  George,  Esq.,  F.R.S.  (deceased). 
Bell,  Professor  Thomas,  Pros.  L.S.,  F.R.S. 
Beechey,  Rear-Admiral,  F.R.S.  (deceased). 
Bengough,  Charge,  Esq. 
Bentham,  George,  Esq.,  F.L.S. 
Bigse,  Charles,  Esq. 
BUkiflton,  Peyton,  M.D.,  F.R.S. 
Boileau,  Sir  .John  P.,  Bart.,  F.R.S. 
Boyle,  Rt.Hon.  D.,  Lord  Justice-Gen'.  (dec1). 
Brady/The  Rt.  Hon.  Maaere,  M.R.LA.,  Lord 

Chancellor  of  Ireland. 
Brand,  William,  Esq. 

Breadalbane,  John,  Marquis  of,  X.T.,  F.R.S. 
Brewster,  Sir  David,  K.H.,  D.C.L.,  LL.D., 

F.R.S.,Principal  of  the  United  College  of 

StSalvator  and  StLeonard,  StAndrows. 
Brisbane,  General  Sir  Thomas  M.,  Bart, 

K.C.B.,  G.C.H.,  D.C.L.,  F.R.3. 
Brooke,  Charles,  BX,  F.R.S. 
Brown,  Robert,  D.C.L.,  F.R.S.  (deceased). 
Brunei,  Sir  M.  I.,  F.R.S.  (deceased). 
BucUand,  Very  Rev.  William,  D.D.,  F.R.S., 

Dean  of  Westminster  (deceased). 
Bute,  John,  Marquis  of,  K.T. (deceased). 
Carlisle,  George  Will.  Fred.,  Earl  of,  F.&8. 
Carson,  Rer.  Joseph,  F.T.C.D. 
Cathcart,  Lt.-Gen.,  Earl  of,  KC.B.,  F.R.S.E. 
Chalmers,  Rer.  T.,  D.D.  (deceased). 
Chance,  James,  Esq. 

Chester,  John  Graham,  D.D.,  Lord  Bishop  of. 
Christie,  Professor  S.  H.,  M.A.,  F.R.S. 
Clare,  Peter,  Esq.,  F.R.A.S.  (deceased). 
Clark,  Rev.  Prof.,  M.D.,  F.R.S.  (Cambridge.) 
Clark,  Henry,  M.D. 
Clark,  G.  T.,  Esq. 
Clear,  William,  Esq.  (deceased). 
Clerke,  Major  S.,  K.H.,  R.E.,  F.R.S.  (dec-). 
Clift,  William,  Esq.,  F.R.S.  (deceased). 
Close,  Very  Rov.  F.,  M.A.,  Dean  of  Carlisle. 
Cobbold,  John  Chevalier,  Esq.,  M.P. 
Colquhoun,  J.  C,  Escl,  M.P.  (deceased). 
Conybeare,  Very  Rev.  W.  D.,  Dean  of  Llan- 

daff  (deceased). 
Corrie,  John,  Esq.,  F.R.S.  (deceased). 
Crum,  Walter,  Esq.,  F.R.S. 
Currie,  William  Wallace,  Esq.  (deceased). 
Dalton,  John,  D.C.L.,  F.R.S.  (deceased). 
Daniell,  Professor  J.  F.,  F.R.S.  (deceased). 
Dartmouth,  William,  Earl  of,  D.C.L.,  F.R.S. 
Darwin,  Charles,  Esq.,  MX,  F.R.S. 
Daubeny,  Prof.  Charles  G.  B.,  M.D.,  F.R.S. 
DelaBeche/SirH.  T.,  C.B.,F.R.S.,  Director- 

Gen.GeoL  Surv.UnitedKingdom(docd). 
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Dillwyn,  Lewis  W.,_Esq.,  F.R.S.  f deceased), 
(deceased). 


Drinkwater,  J.  E., 

Ducie,  The  Earl,  F.R.! 

Dunraven,  The  Earl  of,  F.R.S. 

Egerton,Sir  P.  deM.  Grey,  Bart,M.P.,F.R.S. 

EHot,  Lord,  M.P. 

EUesmere,  Francis,  Earl  of,  F.G.S.  (dec4). 

Enniskillen,  William,  Earl  of,  D.C.L.,  F.R.S. 

Estcourt,  T.  G.  B.,  D.C.L.  (deceased). 

Faraday,  Professor,  D.C.L.,  F.R.S. 

Fitewilliam,  The  Earl,  D.C.L.,  F.R.S.  (dec"). 

Fleming,  W.,  M.D. 

Fletcher,  Bell,  M.D. 

Forbes,  Charles,  Esq.  (deceased). 

Forbes,  Prof.  Edward,  F.R.S.  (deceased). 

Forbes,  Prof.  J.  D.,  F.R.S.,  Sec.  R.S.B. 

Fox,  Robert  Were,  Esq.,  F.R.S. 

Frost,  Charles,  F.S.A. 

Gassiot,  John  P.,  Esq.,  F.R.S. 

Gilbert,  Davies,  D.C.L.,  F.R.S.  (deceased). 

Graham,  T.,  M.A.,  F.R.S.,  Master  of  the  Mint. 

Gray,  John  E.,  Esq.,  Ph.D.,  F.R.S. 

Gray,  Jonathan,  Esq.  (deceased). 

Gray,  William,  Esq.,  F.G.S. 

Green,  Prof.  Joseph  Henry,  D.C.L.,  F.R.S. 

Greenough,  G.  B.,  Esq.,  F.R.8.  (deceased). 

Griffith,  Sir  R.  Griffith,  Bt.,  LL.D.,  M.R.IX 

Grove,  W.  R.,  Esq.,  MX,  F.R.S. 

Hallam,  Henry,  Esq.,  MX,  F.R.S. 

Hamilton,  W.  J.,  Esq.,  F.R.8.,  For.  Sec.  G.S. 

Hamilton,  Sir  Wm.  R.,  LL.D.,  Astronomer 

Royal  of  Ireland,  M.R.IX,  F.RXS. 
Harcourt,  Rev.  Wm.  Vernon,  MX,  F.R.S. 
Hardwicke,  Charles  Philip,  Earl  of,  F.R.S. 
Harford,  J.  S.,  D.C.L.,  F.R.S. 
Harris,  Sir  W.  Snow,  F.R.S. 
Harrowby,  The  Earl  of,  F.R.8. 
Hatfeild,  William,  Esq.,  F.G.S.  (deceased). 
Henry,  W.  C,  M.D.,  F.R.S.    [Col.,  Belfast. 
Henry,  Rev.  P.  8.,  D.D.,  President  of  Queen's 
Henalow,  Rev.  Professor,  MX,  F.L.S. 
Herbert,  Hon.  and  Very  Rev.  Wm.,  LL.D., 

F.L.8.,  Dean  of  Manchester  (dec*1). 
Herschel,Sir  Jolm  F.W.,  Bart.,D.C.L.,  F.R.S. 
Heywood,  Sir  Benjamin,  Bart,  F.R.S. 
Heywood,  James,  Esq.,  F.R.S. 
Hifi,  Rev.  Edward,  MX,  F.G.S. 
Hincks,  Rev.  Edward,  D.D.,  M.R.I.A. 
Hinds,  S.,  D.D.,  late  Lord  Bishop  of  Norwich. 
Hodgkin,  Thomas,  M.D. 
Hodgkinson,  Professor  Eaton,  F.R.S. 
Hodgson,  Joseph,  Esq.,  F.R.S. 
Hooker,  Sir  William  J.,  LL.D.,  F.R.S. 
Hope,  Rev.  F.  W.,  M.A.,  F.R.S. 
Hopkins,  William,  Esq.,  MX,  F.R.S. 
Horner,  Leonard,  Esq.,  F.R.S.,  F.G.S. 
Hovenden,  V.  F.,  Esq.,  M.A. 
Hutton,  Robert,  Esq.,  F.G.S. 
Hutton,  William,  Esq.,  F.G.S. 
Ibbetson,Capt.L.L.Boscawen,  K.R.E.,F.G.S. 
Inglis,  Sir  R.  H.,  Bart,  D.C.L.,  M.P.,  (dec1). 
Jameson,  Professor  R.,  F.R.S.  (deceased). 
Jardine,  Sir  William,  Bart,  F.&S.E. 
Jeffreys,  John  Gwyn,  Esq.,  F.R.S. 
Jenyns,  Rev.  Leonard,  F.Jj.S. 
Jerrard,  H.  B.,  Esq. 
Johnston,  Right  Hon.  William,  late  Lord 

Provost  of  Edinburgh. 
Johnston,  Prof.  J.F.W.,MX,F.R.S.  (dec*). 
Keleher,  William,  Esq.  (deceased). 
Kelland,  Rev.  Professor  P.,  MX 
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r,  Edwin,  MJ).,  F.B.8. 
Lanedowne,  Hen.,  Marquisof,  D.C.L.,F.RS. 
Larcom,  Lt-Colonel,  RE.,LLD,  F.R8. 
Lardner,  Rev.  Dr. 

I*eaell,  William,  Esq.,  F.RS.  L  A  E. 
Latham,  R  G,  M.D.,  F.R.8. 
Lee,  Very  Rev.  John,  D.D.,  F.RS.E.,  Prin- 
cipal of  the  University  of  Edinburgh. 
Lee,  Robert,  M.D.,  F.RS. 
LeJerre,  Right  Hon.   Charles  Shaw,  late 

Speaker  of  the  House  of  Commons. 
Lemon,  Sir  Charles,  Bart,  F.B.S. 

Iiddelt  Andrew,  Esq.  (deceased). 

Lindley,  Professor  John,  Ph.D.,  F.B.S. 

Listowel,  The  Earl  of.  [Dublin  (dec4). 

Lloyd,  Rev.  B.,  D.D.,  Provost  of  Trin.  Coll. 

Lloyd,  Bev.  H.,  D.D.,  D.C.L,  F.RS.  L.&E. 

Londesborough,  Lord,  F.B.S. 

Lubbock,  Sir  John  W.,  Bart.,  M.A.,  F.R.S. 

Luby,  Bev.  Thomas. 

Lyefi,  Sir  diaries,  M.A.,  F.RS. 

MacCullagh,  Prot,  D.C.L,  M.RI.A.  (dec4). 

MacDonnell,Bev.  R,  D.D.,  M.RI.A.,  Pro- 
vost of  Trinitv  College,  Dublin. 

Macfarlane,  The  Very  Bev.  Principal,  (dec1 ). 

MacLeay,  William  Sharp,  Esq.,  F.LS. 

MacNeifi,  Professor  Sir  John,  F JtS. 
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Report  of  the  Council  of  the  British  Association  as  presented 
to  the  General  Committee  at  Dublin,  August  26th,  1857- 

I.  With  reference  to  the  subjects  referred  to  the  Council  by  the  General 
Committee  at  Cheltenham,  the  Council  have  to  report  as  follows  : — 

a.  The  General  Committee  directed  that  copies  of  the  two  last  Reports 
of  the  Parliamentary  Committee  should  be  transmitted  to  each  Member 
of  the  General  Committee,  with  a  request  that  opinions  might  be  expressed 
on  the  important  subject,  "  Whether  any  measures  could  be  adopted 
by  the  Government  or  Parliament  that  would  improve  the  position  of 
Science  and  its  cultivators ;"  and  that  such  opinions  should  be  forwarded 
for  the  consideration  of  the  Council  before  the  20th  of  September,  1856. 
This  direction  having  been  complied  with,  and  a  considerable  number  of 
letters  expressing  the  opinions  of  individual  Members  of  the  General  Com- 
mittee having  been  received,  the  Council  requested  the  Assistant-General 
Secretary  to  prepare  a  digest,  and  to  make  such  an  arrangement  of  the 
communications  themselves  as  might  best  facilitate  their  full  consideration 
at  a  Special  Meeting  of  the  Council  in  January,  1857*  At  this  meeting, 
Lord  Wrottesley,  President  of  the  Royal  Society,  being  one  of  the  Members 
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of  the  Council  of  the  Association,  communicated  for  the  information  of 
the  Council,  certain  resolutions  which  had  been  adopted  by  the  President 
and  Council  of  the  Royal  Society,  bearing  on  the  Mime  question ;  and 
after  a  full  consideration  of  these  resolutions,  and  of  the  opinions  expressed 
in  the  letters  of  the  individual  Members  of  the  General  Committee  of  the 
Association,  the  Council  adopted  the  following  Minute,  viz. — "  That  the 
Council  concur  generally  in  the  course  of  proceeding  which  has  been 
taken  on  this  subject  by  the  Royal  Society,  as  now  explained  to  them  by 
the  President  of  that  Society."  This  Minute  was  communicated  by  order 
to  the  Royal  Society,  and  the  Resolutions  have  been  since  transmitted  by 
Lord  Wrottesley  to  Lord  Palmerston,  as  having  been  adopted  by  the  Pre- 
sident and  Council  of  the  Royal  Society  and  concurred  in  by  the  Council 
of  the  British  Association. 

b.  The  recommendation,  that  "  the  application  to  Government  for  an 
Expedition  to  complete  our  knowledge  of  the  Tides  be  renewed,"  was 
referred  by  the  Council  to  the  Committee  of  1851,  by  whom  the  previous 
application  had  been  made.  The  Committee  consisted  of  the  Rev.  Dr. 
Whewell,  the  Earl  of  Rosse,  Sir  John  Herschel,  and  the  Astronomer 
RoyaL  No  report  has  yet  been  received  by  the  Council  of  the  Com- 
mittee's consequent  proceedings. 

c.  The  recommendation,  that  "  the  Application  made  to  Government  in 
September  1852,  concerning  the  great  Southern  Telescope,  be  renewed," 
was  communicated  by  the  Council  to  the  President  and  Council  of  the 
Royal  Society,  by  whom  the  steps  were  taken  in  1852  to  promote  this 
important  object,  and  a  hope  was  expressed  on  the  part  of  the  Association 
that  the  President  and  Council  of  the  Royal  Society  would  renew  their 
efforts  to  carry  out  an  object  of  so  much  interest  to  astronomy.  The 
Council  have  not  been  informed  of  any  subsequent  proceedings. 

<L  The  General  Committee  having  directed  that  "  a  Memorial  should 
be  presented  to  the  Admiralty  praying  for  the  publication  in  a  simple, 
uniform,  and  complete  shape,  tabular  and  descriptive,  of  the  results  of  the 
trials  of  steam-ships  employed  in  the  public  service,"  the  Council  referred 
to  the  President  of  the  Section  of  Mechanical  Science,  with  whom  the 
request  for  this  publication  had  originated,  for  the  information  required  to 
enable  the  Council  to  proceed  in  drawing  up  the  desired  Memorial.  The 
information  was  supplied,  and  a  document,  drawn  up  in  more  limited  terms 
than  the  recommendation,  and  stating  fully  the  data  required  and  the 
purpose  to  which  it  was  proposed  to  apply  them,  was  transmitted  to  the 
Secretary  of  the  Admiralty,  who  replied  that  the  Lords  Commissioners 
did  not  think  it  would  be  proper  for  them  to  give  information  in  regard  to 
vessels  belonging  to  private  companies.  This  reply  was  communicated  to 
the  President  of  the  Mechanical  Section  and  a  Committee  acting  with  him 
on  the  registration  of  ships'  tonnage,  by  whom  the  subject  will  be  again 
brought  under  the  consideration  of  the  Association  at  this  Meeting. 

e.  The  deputation  appointed  to  wait  on  Her  Majesty's  Secretary  for 
Foreign  Affairs  to  "  urge  the  desirableness  of  sending  out  an  annual  expe- 
dition to  the  Niger,  as  proposed  by  Dr.  Baikie,"  have  informed  the  Council 
that  they  have  had  an  interview  with  Lord  Clarendon,  and  have  presented  a 
Memorial  which  was  very  favourably  received,  and  that  the  expedition  has 
since  been  appointed,  and  has  proceeded  to  the  Niger  under  Dr.  Baikic's 
direction. 

II.  At  the  Glasgow  Meeting  of  the  British  Association,  a  Committee  was 
appointed  by  the  General  Committee  to  consider  a  proposition  which  had 
been  submitted  to  them  for  making  a  catalogue  of  the  Philosophical  Papers 


contained  in  the  various  Scientific  Transactions  apd  Journals,  of  aH  countries. 
The  Report  of  this  Committee  was  made  at  the  Cheltenham  Meeting!  and 
was  communicated  by  direction  of  the  Council  to  the  President  and  Council 
of  the  Royal  Society,  whose  cooperation  in  this  important  undertaking  was 
requested.  The  original  Committee  appointed  by  the  Association,  with  the 
addition  of  two  Members  named  by  the  Council  of  the  Royal  Society,  were 
requested  to  give  the  subject  a  second  and  more  full  consideration.  Their 
Report  was  presented  to  the  Council  of  the  Royal  Society  in  June  last,  and 
was  ordered  to  be  printed  and  250  copies  to  be  sent  to  the  British  Association, 
for  distribution  amongst  the  Members  of  the  General  Committee  at  the  Dublin 
Meeting,  with  a  view  to  obtain  the  thorough  concurrence  and  cooperation  of 
the  two  Societies  in  the  plan  which  shall  be  ultimately  adopted  for  carrying 
out  a  work  which  promises  to  be  of  very  considerable  advantage  to  the  cul- 
tivators of  science  in  all  countries. 

III.  The  Council  congratulate  the  General  Committee  on  the  publication 
which  has  taken  place  iu  the  current  year  of  the  Meteorological  Observations 
made  by  the  Officers  of  the  Irish  Trigonometrical  Survey  at  Mouptjoy 
Barracks,  near  Dublin.  It  will  be  remembered  that  at  the  Southampton 
Meeting  of  the  Association  in  the  year  1846,  a  Committee  was  appointed 
to  communicate  with  the  Master- General  of  the  Ordnance  relative  to  the 

Sublication  of  these  valuable  observations,  and  that  in  January  1847,  the 
larquis  of  Anglesey,  then  holding  the  office  of  Master-General  pf  the 
Ordnance,  expressed  to  the  Committee  his  readiness  to  meet  the  wishes  of 
the  British  Association  if  the  Treasury  could  be  induced  to  grant  the  neces- 
sary funds,  for  which  the  Ordnance  had  not  and  could  not  make  any  pro- 
vision. In  consequence  of  this  communication,  the  Council  appointed  a 
deputation  to  solicit  from  the  Treasury  that  a  grant  for  the  purpose  should 
be  placed  at  the  disposal  of  the  Master-General,  and  were  informed  in 
reply,  through  the  Secretary  of  the  Ordnance,  under  date  May  31,  1847, 
that  the  Treasury  would  be  prepared  to  include  the  expense  of  the  publica- 
tion in  the  estimate  to  be  laid  before  Parliament  in  1848.  The  Council  were 
also  favoured  with  a  letter  from  the  Marquis  of  Anglesey,  dated  July  10, 
1848,  stating  that  "  he  had  directed  the  publication  of  the  Moantjoy  Ob- 
servations to  be  carried  into  effect  with  as  little  delay  as  possible."  The 
publication  having  now  taken  place,  it  has  appeared  to  the  Council  de- 
sirable that  the  part  taken  by  the  British  Association  in  recommending  and 
in  procuring  the  funds  for  this  valuable  contribution  to  the  Meteorology 
of  the  British  Islands  should  be  thus  fully  stated ;  because  it  has  happened 
(no  doubt  accidentally)  that  no  notice  of  any  of  these  circumstances  appears 
in  the  Preface  or  in  the  Introduction  of  the  publication  itself. 

IV.  The  Council  have  been  informed  that  circumstances  will  deprive  the 
Dublin  Meeting  of  the  attendance  of  Edward  J.  Cooper,  Esq.,  who  was 
named  as  one  of  the  Vice-Presidents  for  the  Meeting ;  and  with  the  con- 
currence of  the  Local  Committee  in  Dublin,  they  recommend  to  the  General 
Committee  that  the  name  of  the  Lord  Chancellor  of  Ireland  should  be  sub- 
stituted for  that  of  Mr.  Cooper. 

V.  The  Council  have  received  letters  of  invitation  to  the  Association  to 
hold  its  Meeting  in  1858  in  Manchester,  from — 

The  General  Purposes'  Committee  of  the  City  Council. 

The  Board  of  Directors  of  the  Athenaeum. 

The  Literary  and  Philosophical  Society  of  Manchester. 

The  Botanical  and  Horticultural  Society. 

The  Natural  History  Society. 

The  Photographic  Society. 
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The  Principal  aod  Professors  of  Owens  College. 

VL  The  Council  has  this  day  received  letters  of  invitation  to  tfce  Asso- 
ciation to  hold  its  Meeting  in  1858  in  Leeds,  from — 

The  Mechanics'  Institution  and  Literary  Society. 

The  School  of  Practical  Art 

VII,  The  Council  have  also  this  day  been  informed  of  an  invitation  to  be 
presented  from  the  Literary  and  Philosophical  Society  of  Newcastle-on-Tjrne 
and  the  Fine  Arts  Society  of  the  North  of  England,  to  hold  an  early  meeting 
at  Newcastle. 

VII.  The  General  Committee  will  receive  full  information,  in  the  sub- 
joined Report  from  the  Kew  Committee,  of  the  proceedings  of  that  establish- 
ment during  the  past  year ;  and  the  Council  are  persuaded  that  the  General 
Committee  will  see  with  pleasure  the  evidences  of  the  still  increasing  public 
utility  of  that  institution,  and  of  the  credit  thereby  accruing  to  the  British 
Association. 

Report  of  the  Kew  Committee  of  the  British  Association  for  $k$ 
Advancement  of  Science,  for  1856-57* 

Since  the  last  Meeting  of  the  British  Association,  the  works  necessary  for 
lighting  the  Observatory  with  gas  have  been  executed  at  a  cost  of  -£250, 
which  has  been  defrayed  by  a  Grant  from  the  Wollaston  Fund  by  the  Pre- 
sident and  Council  of  the  Royal  Society. 

Soon  after  the  last  Meeting  of  the  Association,  the  Board  of  Works  com- 
menced the  external  repairs  of  the  Observatory.  These  were  completed  in 
November  last.  The  Chairman  having  represented  to  the  Chief  Commis- 
sioner of  Works  the  necessity  for  considerable  repairs  to  the  interior  of  the 
Building,  the  Board  of  Works  agreed  to  execute  such  repairs  as  soon  as  the 
necessary  funds  should  be  voted  by  Parliament  The  Committee  understand 
that  the  requisite  vote  has  been  passed,  and  that  the  works  will  be  proceeded 
with  in  the  course  of  the  present  summer. 

The  following  memorandum  relative  to  the  re-establishment  of  self-re- 
cording magnetic  instruments  at  the  Kew  Observatory  was  submitted  to  the 
Committee  by  General  Sabine  on  July  22,  1 856 : — 

"  1.  The  decennial  period  in  the  solar  magnetic  variations,  and  its  coinci- 
dence with  a  similar  period  in  the  frequency  and  amount  of  the  solar  spots, 
appear  to  be  highly  deserving  of  attention  in  an  observatory  established,  as 
Kew  is,  for  physical  researches. 

"  2.  There  is  reason  to  suppose  that  the  permanency  and  regularity  in  the 
occurrence  of  the  decennial  period  in  the  magnetic  variations,  and  its  coinci- 
dence with  the  periodic  variation  of  the  solar  spots,  might  be  effectually  and 
satisfactorily  tested  by  observations  of  both  classes  of  phenomena  at  the 
alternate  periods  of  maximum  and  minimum,  say  for  example,  in  1857  and 
1859  as  the  anticipated  period  of  maximum,  and  in  1868  and  1864  as  the 
anticipated  period  of  minimum,  and  so  forth. 

M  8.  The  apparatus  constructing  under  the  superintendence  of  Mr.  J>e  la 
Rue  will,  it  is  hoped,  fully  meet  the  requirements  of  the  research  m  rospont 
to  the  solar  spots. 

"4.  Since  the  time  when  the  magnetic  self-recording  instruments  belongr 
ing  to  the  Kew  Observatory  were  constructed  under  the  direction  pf  Mr. 
Ronalds,  very  considerable  improvements  have  been  made  in  the  art  of  Pho- 
tography, and  the  six  months'  trial  which  was  made  by  Mr.  Welsh  of  Mft 
Ronalds'  instruments,  has  led  in  several  other  respects  to  suggestions  for  im- 
provements which  could  not  but  be  expected  to  be  required  in  instruments 
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of  so  novel  a  kind,  while  at  the  same  time  the  six  months9  trial  referred  to  has 
placed  beyond  doubt  the  sufficiency  of  a  properly  conducted  research  by 
means  of  self-recording  instruments  for  the  examination  of  the  solar  magnetic 
variations." 

The  Committee  authorized  Mr.  Welsh  to  proceed  with  the  construction  of 
the  instruments,  which  have  now  been  completed  at  an  expense  not  exceeding 
£250,  this  sum  being  defrayed  from  the  funds  supplied  by  the  Government 
Grant  through  the  Council  of  the  Royal  Society,  the  instruments  remaining 
at  Kew  at  the  disposition  of  the  Council  of  the  Royal  Society. 

With  the  assistance  of  apparatus  lent  from  General  Sabine's  department, 
the  observatory  is  now  possessed  of  the  means  of  determining  with  great  ac- 
curacy the  various  constants  required  in  magnetic  observation.  Some  alter- 
ations in  the  method  of  manipulation  have,  it  is  believed,  added  considerably 
to  the  accuracy  of  observation  of  the  absolute  value  of  the  Magnetic 
Force. 

At  the  request  of  the  Foreign  Office,  Magnetical  and  Meteorological  In- 
struments have  been  prepared  at  the  Observatory  for  Mr.  Lyons  M'Leod, 
Consul  at  Mozambique.  Mr.  M'Leod  attended  on  several  occasions  in 
order  to  make  himself  acquainted  with  their  manipulation. 

The  following  correspondence  has  taken  place  relative  to  an  application 
from  the  Austrian  Government  to  be  supplied  with  Magnetical  Instruments, 
to  be  employed  in  the  scientific  voyage  undertaken  by  His  Imperial  Majesty's 
Frigate  "  Novara." 

(Copy.) 

"  Admiralty,  31st  December,  1856. 
"Dear  General  Sabine, — The  Austrian  Consul,  Baron  Rothschild,  has 
written  a  pressing  note  to  the  Admiralty  to  ask  where  the  enclosed  list  of 
instruments  can  be  procured,  and  for  any  assistance  we  can  give  in  ensuring 
their  being  the  best.  Will  you  be  so  good  as  to  say  what  answer  shall  be 
sent  ?  would  it  be  too  much  to  ask  you  to  see  that  they  are  properly  sent, 
and  as  nearly  as  you  can,  will  you  name  the  time  the  instruments  could  be 
ready? 

"  Yours  faithfully, 
(Signed)        "John  Washington." 

"  Memorandum  of  Instruments  required  by  His  Imperial  Majesty's 
Frigate  i  Novara.9 

"a.  The  Azimuth  Compass. 

M4.  The  Unifilar  Magnetometer. 

"  c.  Mr.  Fox's'apparatus  for  observing  the  magnetic  force  and  inclination. 

"d.  Mr.  Barrow's  Circle  for  observing  the  magnetic  inclination. 

"  To  the  apparatus  b  belongs  also  a  peculiar  apparatus  for  its  erection  and 
use  on  board  ship. 

"  For  the  further  use  of  these  instruments  and  for  taking  the  observations 
made  thereby,  it  is  desired  that  they  may  be  delivered  with  the  indication 
of  their  respective  constants,  as  the  moment  of  inertia,  the  temperature, 
coefficients,  &c.  &c 

"  The  Consulate-General  will  apply  to  the  British  Admiralty,  who  will,  no 
doubt,  kindly  give  the  names  of  the  makers  who  supply  the  British  Admiralty, 
as  it  is  desired  that  they  be  the  same  instruments  as  those  on  board  Her 
Majesty's  ships  of  war." 

"  London,  29th  December,  1856." 
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(Copy.) 

" 13,  Ashley  Place,  London, 
January  7th,  1857. 

«  8ib,— I  haye  received  from  Mr.  James  Yates  a  copy  of  the  letter  which 
ypo  addressed  to  him  on  the  26th  of  last  month,  describing  the  scheme  of  the 
•cientifio  voyage  of  circumnavigation  about  to  be  undertaken  by  His  Impe- 
rial and  Royal  Majesty's  Frigate  *  Novara,'  and  requesting  to  be  furnished  with 
any  suggestions  which  may  assist  you  in  carrying  out  the  objects  for  which 
this  voyage  has  been  undertaken.  I  have  deemed,  therefore,  that  it  may  be 
agreeable  to  you  to  be  informed,  that  in  consequence  of  an  application  from 
Baron  Rothschild  to  the  British  Admiralty,  I  have  been  requested  to  under- 
take, and  have  undertaken,  to  prepare  the  following  instruments  named  in 
Baron  Rothschild's  letter  for  the  magnetical  observations  to  be  made  during 
the  voyage,  via. — 

"  1 .  A  Standard  Azimuth  Compass  for  the  Declination. 

"  2.  A  Barrow's  Inclinometer  for  the  Inclination. 

"  8.  A  Fox's  apparatus  with  jSimbal  Stand  for  Inclination  and  Magnetic 
Force  at  sea. 

"4.  A  Unifitar  Magnetometer  for  observations  of  the  Absolute  Horizontal 
Magnetic  Force  on  land. 

"  These  instruments  will  be  examined  and  their  constants  determined  at  the 
Kew  Observatory  of  the  British  Association  for  the  Advancement  of  Science, 
and  will  be  ready  by  the  end  of  February  or  beginning  of  March,  together 
with  instructions  for  the  use  of  each  of  the  instruments,  and  blank  forms  for 
the  convenient  record  of  the  observations  to  be  made  with  them.  It  is  most 
desirable,  however,  that  the  physicist  who  is  to  be  charged  with  the  observa- 
tions should  have  some  previous  practice  with  the  instruments,  and  I  would 
therefore  beg  leave  to  suggest  that  the  gentleman  who  may  be  appointed  to 
that  doty  should  be  directed  to  proceed  in  the  first  instance  to  London,  so 
as  to  arrive  there  about  the  third  week  in  February,  and  after  having  made 
himself  familiar  with  the  use  of  the  instruments,  should  take  them  wi}h:inm 
to  Gibraltar,  and  there  await  the  arrival  of  the  *  Novara '  on  the  passage  from 
Trieste  to  Rio  Janeiro. 

"  I  have  the  honour  to  remain,  Sir, 
"  Your  obedient  Servant, 
(Signed)    "Edward  Sabine, 

Major-  General" 

"  P.S.  Several  of  the  instruments  above  mentioned  will  be  ready  by  the  end 
of  the  present  month.  Baron  Rothschilds  letter  does  not  say  anything 
about  Marine  Meteorological  instruments.  Should  instruments  of  this  de- 
scription, such  as  are  now  furnished  to  the  British  Navy,  be  desired,  they 
could  be  supplied  by  the  Kew  Observatory,  and  might  accompany  the  mag- 
netical instruments  to  Gibraltar." 

"  Dr.  Karl  Seherzer,  Vienna." 

The  Magnetical  Instruments  for  this  Expedition  have  been  prepared,  and 
the  Constants  determined  at  the  Observatory.  Dr.  Hochstatter,  of  Vienna, 
who  has  undertaken  the  superintendence  of  the  Magnetical  Observations  to 
be  made  during  the  voyage,  visited  the  Observatory  in  the  end  of  February 
and  beginning  of  March,  to  receive  instructions  in  the  use  of  the  various 
instruments. 

A  letter  baa  been  received  by  General  Sabine  from  the  Archduke  Ferdi? 
nand  Maximilian,  expressing  his  thanks,  as  Chief  Officer  of  the  Austrian 

1867.  e 
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Navy,  for  the  assistance  afforded  to  Dr.  Hochstatter,  who  writes  thai  he  had 
commenced  his  observations : — Dr.  Hochstatter's  letter  is  dated  Gibraltar, 
21st  May,  1857. 

In  consequence  of  an  application  from  the  Hydrographer  of  the  Admiralty, 
Dr.  Baikie  and  Lieut  Glover,  who  have  recently  sailed  on  an  expedition  to 
Africa,  were  famished  with  Magnetical  Instruments,  whose  Constants  had 
been  previously  determined  at  the  Observatory.  Dr.  Baikie  and  Lieut.  Glover 
visited  the  Observatory,  when  detailed  instructions  were  communicated  to 
them  by  Mr.  Welsh,  as  to  the  practical  use  of  the  instruments. 

Application  having  been  made  to  the  Royal  Society  by  Her  Majesty's 
Secretary  of  State  for  the  Colonies,  relative  to  a  supply  of  Magnetical  In- 
struments for  an  expedition  to  British  North  America,  under  the  direction 
of  Mr.  Palliser,  Lieut.  Blakiston,  R.A.,  who  accompanies  the  Expedition, 
attended  for  some  time  at  the  Observatory  for  the  purpose  of  manipulating 
with  the  Magnetical  Instruments,  which  have  been  prepared  under  the  direc- 
tion of  Mr.  Welsh  for  the  use  of  the  Expedition.  The  Constants  of  these 
instruments  were  determined  as  in  the  other  instances  already  referred  to  in 
this  Report. 

At  the  request  of  the  Couucil  of  the  Royal  Society,  Mr.  Welsh  has  pre- 
pared the  Magnetical  Instruments  required  in  the  North  Polar  Expedition, 
which  has  been  fitted  out  at  the  expense  of  Lady  Franklin  :  the  cost  of  pre- 
paration of  these  instruments  is  defrayed  by  the  Royal  Society.  The  instru- 
ments themselves  have  been  supplied  from  Major-General  Sabine's  establish- 
ment at  Woolwich. 

•  General  Sabine  having  communicated  to  the  Committee  that  £200  had 
been  placed  at  his  disposal  by  the  Admiralty,  for  the  purpose  of  conducting 
the*  Magnetical  Survey  of  Scotland,  in  connexion  with  the  general  Magnetic 
Survey  of  the  British  Islands,  as  recommended  at  the  last  Meeting  of  the 
Association,  the  Committee  have  arranged  that  Mr.  Welsh  shall  undertake 
such 'survey  in  the  course  of  the  present  and  following  summer. 

Sir  James  Clark  Ross  has  already  commenced  the  Survey  of  England, 
taking  Kew  as  his  base  slatiou. 

A  new  method,  proposed  by  Dr.  Lloyd,  of  determining  the  absolute  total 
magnetic  force  by  means  of  the  Dip  Circle,  will  be  employed  in  this  Survey. 
Dip  Circles  adapted  for  this  method  have  been  supplied  to  Sir  James  C.  Ross 
and  Mr.  Welsh,  also  to  Lieut.  Blakiston  for  his  Survey  in  North  America. 

Photoheliograph. 
On  the  20th  of  May,  1854,  Benj.  Oliveira,  Esq.,  F.R.S.,  placed  the  sum  of 
£50  at  the  disposal  of  the  Council  of  the  Royal  Society,  to  bp  appropriated 
during  that  year  in  any  manner  the  Council  might  consider  most  in  harmony 
with  the  interests  of  Science.  Mr.  Oliveira  further  stated,  that  he  might  pro- 
bably in  future  years  offer  a  similar  sum  if  the  mode  of  its  disposal  appeared 
to  him  eligible ;  and  an  application  having  at  the  same  time  ocen  made  by 
the  Kew  Committee  for  the  sum  of  £150,  in  order  to  erect  a  Photographic 
Apparatus  for  registering  the  position  of  the  spots  in  the  Sun's  disc,  as  sug- 
gested by  Sir  John  Herschel,  the  Council  of  the  Royal  Society  devoted  to 
this  purpose  the  donation  of  Mr.  Oliveira,  and  proposes,  should  it  be  con- 
tinued, to  apply  it  for  the  next  two  years  in  replacement  of  the  sum  of  £100 
which  the  Council  in  the  mean  time  advanced  from  the  Donation  Fund  of 
the  Royal  Society,  in  onlor  that  the  undertaking  might  not  be  delayed.  This 
arrangement  was  approved  by  Mr.  Oliveira,  and  the  apparatus  has,  under  the 
direction  of  Warren  Dc  la  Rue,  Esq.,  F.R.S.,  been  completed  by  Mr.  Ross 
at  the  cost  of  about  £180. 
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The  object-glass  of  this  instrument  is  3^  inches  aperture  and  50  inches 
focal  length ;  it  is  not  corrected  for  achromatism  in  the  ordinary  manner,  but 
so  as  to  produce  a  coincidence  of  the  visual  and  photogenic  foci.  The 
secondary  objectives  for  magnifying  the  image  produced  by  the  principal 
object-glass  are  of  the  Huyghenian  form.  They  are  three  in  number,  pro- 
ducing respectively  images  of  the  sun  3, 4,  and  8  inches  in  diameter.  Between 
the  two  lenses  of  each  of  these  secondary  object-glasses  is  inserted  a  dia- 
phragm-plate carrying  the  fixed  micrometer  wires,  which  are  of  platinum ; 
these  wires  are  four  in  number,  two  at  right  angles  to  the  other  two.  One 
of  the  wires  of  each  pair  is  in  such  a  position  that  they  may  both  be  made 
tangential  to  the  sun's  image,  while  the  other  two  cross  at  a  point  situated 
near  the  sun's  centre.  By  means  of  these  wires,  the  distance  in  arc  between 
each  pair  having  been  once  for  all  ascertained  astronomically  for  each 
secondary  object-glass,  it  will  be  easy  to  determine  all  the  data  necessary  for 
ascertaining  the  relative  magnitudes  and  positions  of  the  sun's  spots.  These 
micrometer  wires  are  under  the  influence  of  springs,  so  as  to  preserve  a  tension 
upon  them  when  expanded  by  the  sun's  heat,  and  thus  to  keep  them  straight. 

The  principal  and  secondary  object-glasses  are  not  mounted  in  an  ordinary 
cylindrical  tube,  but  in  a  pyramidal  trunk  square  in  section,  5  inches  in  the 
side  at  the  upper  end,  which  carries  the  principal  object-glass,  and  12  inches 
in  the  side  at  the  lower  end,  which  carries  the  photographic  plate-holder  and 
the  usual  ground  glass  screen  for  focusing. 

This  trunk  is  firmly  supported  by  a  declination  axis  of  hard  gun-metal  2£ 
inches  in  diameter;  it  is  furnished  with  a  declination  circle  10  inches  in  dia- 
meter, reading  to  one  minute  of  arc,  and  has  a  clamp  and  screw  motion  for 
fine  adjustment  in  declination. 

The  declination  axis  works  in  Y-bearings  at  the  top  of  the  polar  axis,  which 
is  12  inches  long ;  it  is  4  inches  diameter  at  its  upper  end  and  I-J-  inch  at 
its  lower  end.  The  lower  end  fits  with  a  slight  taper  into  a  brass  collar  up 
to  a  shoulder,  the  friction  being  reduced  by  a  steel  spring  plate  pressing 
against  a  hardened  steel  hemisphere  at  the  end  of  the  axis. 

It  will  be  seen  by  the  above  description,  that  every  precaution  has  been 
taken  to  secure  stiffness  in  the  telescope  combined  with  freedom  in  the 
motion  of  the  polar  axis.  The  polar  axis  is  driven  by  a  clock  driver,  which 
answers  perfectly,  and  is  easy  of  regulation  to  the  greatest  nicety,  so  that  the 
sun's  limb  remains  for  a  long  period  in  contact  with  the  tangential  wires. 
Near  the  lower  end  of  the  polar  axis  is  fixed  the  hour-circle,  which,  like  the 
declination  circle, is  10 inches  indiameter;  it  is  graduated  to  read  to  2  seconds  of 
time.  An  endless  screw,  making  about  two  revolutions  in  one  minute,  geers 
into  the  hour-circle  and  connects  it  with  the  clock.  As  it  is  generally  ne- 
cessary to  make  small  corrections  in  right  ascension  after  the  tangent  screw 
has  been  geered  with  the  driving  clock,  in  order  to  bring  the  sun's  image  in 
position  with  respect  to  the  micrometer  wires,  a  sliding  plate  is  provided  which 
carries  the  bearings  of  the  tangent  screw ;  this  is  acted  upon  by  a  second  fine 
screw  parallel  with  the  tangent  screw ;  so  that  by  rotating  the  second  screw, 
the  sliding  plate  and  the  tangent  screw  arc  moved  through  a  small  space, 
and  the  hour-circle  thus  caused  to  rotate  to  the  extent  necessary  for  bringing 
the  sun's  image  in  position. 

The  clock  is  driven  by  two  weights,  one  pulling  upwards  over  a  pulley,  the 
other  downwards,  thus  suspending  the  barrel  and  equalizing  the  pull  and 
avoiding  friction  on  its  bearings.  By  causing  the  click  of  the  winding  lever 
to  abut  on  the  ratchet-wheel  of  the  going  part  of  the  clock  during  the  period 
of  winding,  the  clock  goes  at  its  normal  speed  while  it  is  being  wound. 

The  mode  of  regulating  the  clock  is  extremely  simple  and  efficacious ;  it  is 
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effected  by  approaching  to,  or  withdrawing  from,  ft  hollow  pouq  pw  ^  tmall 
wheel,  on  which  are  attached,  by  means  of  flat  springs,  two  siqaJl  weights, 
which  expand  by  centrifugal  force  and  cqipe  it)  contact  with  (he  inside  of  the 
hollow  cone. 

The  polar  axis  of  the  telescope  is  carried  by  a  dial-plate,  which  fits  en  the 
top  of  a  hollow  column  of  cast  iron,  the  section  of  which  is  a  parallelogram. 
This  column  is  securely  fastened  to  the  stone  foundation.  The  instrument  is 
mounted  within  the  rotating  dome  of  the  Kew  Observatory,  which  has  been 
repaired  and  put  in  order  for  that  purpose.  The  photographic  dark  room  is 
at  present  too  distant  from  the  telescope,  but  it  is  contemplated  to  construct 
one  close  to  it,  as  serious  inconvenience  has  been  already  experienced  in  the 
preliminary  experiments  in  consequence  thereof. 

The  telescope  and  its  mechanical  appliances  may  be  said  to  be  perfect  so 
far  as  they  go,  but  experience  will  undoubtedly  suggest  several  minor  alter? 
ations  and  additions  before  the  telescope  is  brought  practically  to  work.  The 
photographing  of  such  minute  objects  as  the  sun's  spots  will  require  at  all 
times  the  utmost  skill  and  care  of  an  accomplished  photographer,  even  when 
the  telescope  has  been  fairly  started.  The  difficulties  yet  to  be  mastered  must 
occupy  some  considerable  time.  The  first  attempts  have  been  confined  to  the 
production  of  negative  photographs,  but  in  consequence  of  the  imperfections 
always  existing  in  the  collodion  film,  it  has  been  deemed  advisable  to  make 
attempts  to  produce  positive  pictures,  and  recourse  mqy  ultimately  have  to 
be  made  to  the  Daguerreotype  process. 

The  verification  of  Meteorological  Instruments  has  been  continued  on  the 
same  plan  as  in  previous  years.  The  following  are  the  numbers  of  instruments 
which  have  been  verified  since  the  last  meeting  of  the  Association  : — 

Bare-    Thsrmo-    Hydro. 
meter*    meters,     meters. 

For  the  Admiralty. m      840        605 

For  the  Board  of  Trade 86      S6Q        140 

For  Opticians  and  others   65      324.  6 

Total 278    1524        751 

Mr.  Stewart  having  left  the  Observatory,  as  mentioned  in  the  last  Annual 
Report,  the  Committee  in  October  last  engaged  Mr.  Charles  Chambers  of 
Leeds,  on  the  recommendation  of  the  Council  of  the  Society  of  Arts.  The 
Committee  report  very  favourably  of  the  intelligence  and  assiduity  with 
which  he  has  discharged  his  duties. 

John  P.  Gassiot, 

Chairman. 
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xxxviii  report — 1857* 

Report  of  the  Parliamentary  Committee  to  the  Meeting  of  the  British 
Association  at  Dublin,  in  August  1857. 

The  Parliamentary  Committee  have  the  honour  to  report  as  follows : — 

The  question  discussed  in  the  Report  of  your  Committee,  addressed  to 
the  Meeting  held  at  Glasgow  in  1855,  viz.  "Whether  any  measures  could  be 
adopted  by  the  Government  or  Parliament  that  would  improve  the  position 
of  Science  and  its  cultivators,"  has  been  much  considered  by  the  Council  of 
the  Royal  Society.  They  assembled  for  this  purpose  in  the  autumn  of  last 
year,  and  were  then  assisted  in  their  deliberations  by  the  replies  received  to 
the  circular  of  the  20th  August  last,  agreed  upon  at  Cheltenham,  and  issued 
to  all  Members  of  the  General  Committee. 

Of  these  replies  an  able  digest  has  been  prepared  by  Professor  Phillips, 
who  was  also  a  Member  of  the  Sub-Committee  appointed  on  behalf  of  the 
Royal  Society  to  consider  this  important  subject. 

The  Council  of  the  Royal  Society,  at  their  meeting  held  on  the  15th  of 
January  last,  passed  twelve  Resolutions,  which  may  be  considered  as 
embodying  their  reply  to  the  question  above  stated,  and  your  Committee 
are  gratified  by  observing  that  most  of  the  recommendations  adopted  in  the 
Glasgow  Report  have,  in  substance,  received  the  sanction  of  the  official 
representatives  of  the  most  ancient  and  venerable  of  our  Scientific  Institu- 
tions. At  that  meeting  of  the  Council  a  resolution  was  passed,  that  the 
President  be  authorized  to  communicate  the  twelve  Resolutions  to  your 
Committee,  with  a  request  that  the  same  might  obtain  such  support  from  our 
Members  as  they  might  consider  them  entitled  to  receive.  The  Council  of 
the  Royal  Society  likewise  resolved  that  a  copy  of  their  Resolutions  should 
be  forwarded  to  Lord  Palmers  ton  by  their  President,  who  by  letter,  bearing 
date  the  28th  of  January,  transmitted  the  same  accordingly. 

The  consideration  of  the  steps  proper  to  be  taken  in  pursuance  of  the 
above  request  addressed  to  your  Committee,  formed  the  chief  subject  of  our 
deliberations  during  the  current  year.  We  determined  that  it  was  not  expe- 
dient at  present  to  take  any  steps  beyond  moving  for  the  production  of  the 
letter  of  the  President  of  the  Royal  Society  of  the  28th  of  January  above- 
mentioned,  with  the  copy  of  the  twelve  Resolutions  enclosed  therein ;  and 
this  has  been  done  accordingly,  in  the  House  of  Lords  by  Lord  Burlington, 
and  in  the  House  of  Commons  by  Mr.  Robert  Stephenson. 

We  were  much  influenced  in  this  determination  by  the  consideration  of 
the  peculiar  circumstances  under  which  Parliament  met,  which  have  much 
abridged  the  time  at  their  disposal  for  the  discussion  of  any  measures  of 
importance,  and  by  the  further  consideration  that  it  might  not  be  expedient 
to  precipitate  a  decision  on  matters  which  were  new  to  the  general  public. 

Again,  though  the  Resolutions  in  question  have  received  the  general 
approval  of  your  Council,  at  a  meeting  held  on  the  16th  January  last,  we 
thought  it  right  that  the  Committee  of  Recommendations  should  have  an 
opportunity  of  expressing  their  opinion  upon  them  before  any  steps  were 
taken  to  urge  their  adoption  on  the  Government  or  Parliament. 

By  the  retirement  of  Mr.  Hey  wood  from  Parliament,  your  Committee  have 
been  deprived  of  the  services  of  one  of  the  most  zealous  of  their  members. 
Mr.  Hey  wood  was  not  only  most  constant  in  his  attendance,  but  no  one  had 
the  objects  for  which  your  Committee  was  constituted  more  sincerely  at 
heart 

The  Duke  of  Argyll  and  the  Earl  of  Rosse  must,  in  pursuance  of  the 
resolution  adopted  at  Liverpool  in  1854,  be  deemed  to  have  vacated  their 
seats  in  your  Committee,  but  we  recommend  that  they  should  be  re-elected. 
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Your  Committee  also  recommend  that  the  two  vacancies  caused  by  the 
retirement  from  Parliament  of  Sir  Charles  Lemon,  Bart.,  and  Mr.  Hey  wood, 
be  filled  by  the  election  of  the  Right  Honourable  Joseph  Napier,  M.P.  for 
the  University  of  Dublin,  and  Edward  Cooper,  Esq.,  F.R.S.,  of  Markree 
Castle,  M.P.  for  the  County  of  Sligo. 

We  have  also  to  report  the  loss  of  the  services  of  Mr.  John  Ball.     His 
scientific  knowledge  and  zeal  in  the  cause  rendered  him  a  valuable  Member 
of  your  Committee.    This  vacancy  still   remains  to   be  supplied  by  the 
General  Committee. 
14th  August,  1857*  Wrotteslby,  Chairman. 

Recommendations  adopted  bt  the  General  Committee  at  the 
Dublin  Meeting  in  August  and  September  1857. 

[When  Committees  are  appointed,  the  Member  first  Darned  is  regarded  as  the  Secretary  of 
the  Committee,  except  there  be  a  specific  nomination.] 

Involving  Grants  of  Money. 

That  the  sum  of  £500  be  placed  at  the  disposal  of  the  Council  for  the 
maintaining  the  Establishment  and  providing  for  the  continuance  of  Special 
Researches  at  Kew  Observatory. 

That  Professor  Maskelyne,  Mr.  Hardwich,  Mr.Llewellyn,  and  Mr.  Hadow, 
be  a  Committee  to  report  on  Researches  on  the  Chemistry  of  Photography  ; 
with  £10  at  their  disposal. 

That  Dr.  A.  Voelcker  be  requested  to  make  Researches  and  Experiments 
on  the  Constituents  of  Manures ;  with  £25  at  his  disposal  for  the  purpose. 

That- Professor  Sullivan  be  requested  to  make  Experiments  on  the  Solu- 
bility of  Salts  at  temperatures  above  100°  Cent.,  and  on  the  mutual  action  of 
Salts  in  Solution ;  with  £20  at  his  disposal  for  the  purpose. 

That  Mr.  Robert  Mallet,  C.E.,  be  requested  to  continue  his  Experiments 
on  Earthquake  Waves;  with  £50  at  his  disposal  for  the  purpose. 

That  Mr.  E.  P.  Wright,  Professor  Melville,  and  Professor  Kinaban,  be  a 
Committee  to  report  on  the  Dredging  of  the  Coast  of  Ireland  ;  with  £10  at 
their  disposal  for  the  purpose. 

That  Mr.  W.  Keddie  and  Mr.  Connal  be  requested  to  report  on  the  Vege- 
table Imports  of  Scotland;  with  £10  at  their  disposal  for  the  purpose. 

That  Professor  Henslow,  Professor  Phillips,  Sir  W.  Jardinc,  Mr.  C.  C. 
Babington,  Professor  Balfour,  Professor  Owen,  Dr.  Hooker,  Mr.  J.  S. 
Bowerbank,  Rev.  M.  J.  Berkeley,  Professor  Huxley,  and  Dr.  Lankester,  be 
a  Committee  to  report  on  Typical  Forms  for  Museums ;  with  £10  at  their 
disposal  for  the  purpose. 

That  the  Rev.  C.  P.  Miles,  Professor  Balfour,  Dr.  Greville,  and  Mr.  C. 
Eyton,  be  a  Committee  to  report  on  the  Dredging  of  the  West  Coast  of 
Scotland ;  with  £25  at  their  disposal  for  the  purpose. 

That  Professor  Bell,  Dr.  Williams,  and  Dr.  Lankester,  be  a  Committee  for 
the  purpose  of  completing  a  Report  on  the  British  Annelida ;  with  £25  at 
their  disposal 

That  Dr.  Daubeny  be  requested  to  conclude  the  Experiments  on  the 
Growth  and  Vitality  of  Seeds ;  with  £5  5s.  at  his  disposal  for  the  purpose. 

That  Dr.  Daubeny,  Mr.  C.  C.  Babington,  Professor  Buckman,  and  Dr. 
Voelcker,  be  a  Committee  to  report  on  Researches  on  the  Growth  of  Plants ; 
with  £10  at  their  disposal. 

That  Professor  Kinahan,  Mr.  E.  P.  Wright,  Mr.  J.  R.  Green,  and  Dr. 
Carte,  be  a  Committee  to  report  on  the  Dredging  in  the  Dublin  district ; 
with  £10  at  their  disposal. 
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That  Mr.  R.  Patterson,  Professor  Dickie,  Professor  W.  Thomson,  and  Mr. 
Hyndman,  be  a  Committee  to  report  on  the  Dredging  on  the  North  Coast 
of  Ireland ;  with  £20  at  their  disposal. 

That  Mr.  G.  Rennie,  C.E.,  be  requested  to  continue  his  Experiments  on 
the  production  of  Heat  by  motion  in  Fluids;  with  £20  at  his  disposal  for 
the  purpose. 

That  Mr.  James  Thomson,  C.E.,  be  requested  to  continue  his  Experiments 
ob  the  Measurement  of  the  Discharge  of  Water ;  with  £10  at  his  disposal 
for  the  purpose. 

Involving  Applications  to  Government  or  Public  Institutions. 

Resolved, — That  it  is  of  great  importance  to  the  progress  of  Science  that  the 
Magnetic  Observations  which  have  already  added  so  much  to  our  knowledge 
of  terrestrial  magnetism,  should  be  continued.  That  the  influence  of  the 
Association  will  be  well  employed  in  attaining  this  object,  and  that  it  is 
desirable  to  obtain  the  cooperation  of  the  Royal  Society.  That  a  Committee 
be  appointed,  consisting  of  the  President,  the  Rev.  Dr.  Robinson,  and  Major- 
General  Sabine,  to  request,  on  the  part  of  the  British  Association,  the  co- 
operation of  the  President  and  Council  of  the  Royal  Society,  and  to  take  in 
conjunction  with  them  such  steps  as  may  appear  necessary,  including*  if  it 
be  thought  desirable,  an  application  to  Government 

That  Lord  Wrottesley,  Dr.  Robinson,  Mr.  Osier,  General  Sabine,  Mr. 
Welsh,  Sir  W.  S.  Harris,  and  Dr.  Whewell,  be  appointed  a  Committee  to 
express  to  the  Board  of  Trade  the  wish  of  the  British  Association  that  self- 
recording  Anemometrical  Instruments  should  be  established  on  some  of  the 
islands  in  the  Atlantic  Ocean,  in  aid  of  the  Meteorological  Observations  now 
.  being  carried  on  on  ship-board  under  the  direction  of  the  Meteorological 
department  of  the  Board  of  Trade. 

That  application  be  made  to  Her  Majesty's  Government  to  send  a  vessel 
to  examine  and  survey  the  entrance  to  the  Zambesi  River  in  South  Africa, 
and  to  ascend  the  river  as  far  as  may  be  practicable  for  navigation.  That  the 
following  Gentlemen  be  appointed  a  deputation  to  make  the  application  : — 
The  President,  Sir  R.  I.  Murchison,  Sir  H.  Rawlinson,  General  Sabine,  Mr. 
Macgregor  Laird. 

That  the  President,  the  Lord  Wrottesley,  the  Right  Honourable  J.  Napier, 
Dr.  Robinson,  and  Major-General  Sabine,  be  a  Committee  for  the  purpose 
of  making  application  to  the  Government  to  send  a  vessel  to  the  vicinity  df 
Mackenzie  River,  to  make  a  series  of  magnetic  observations,  with  special 
reference  to  the  determination  of  the  laws  now  known  to  rule  the  magnetic 
storms. 

It  having  been  found  that  the  application  of  science  to  the  improvement 
of  Steam-ships  has  been  impeded  by  the  difficulty  of  obtaining  the  necessary 
data  from  the  present  registration, — Resolved — That  a  Committee  be  ap- 
pointed and  authorized  to  communicate,  if  necessary,  with  the  Board  of 
Trade  on  the  subject; — the  Committee  to  consist  of  Admiral  Moorsom, 
Mr.  J.  Scott  Russell,  Mr.  J.  E.  M'Connell,  Mr.  Charles  Atherton,  Mr.  Wil- 
liam Fairbairn,  Mr.  J.  Perry,  Mr.  Henry  Wright,  Mr.  Henderson* 

Applications  for  Reports  and  Researches. 

That  Dr.  Odling  be  requested  to  prepare  a  Report  on  the  recent  progress 
of  Organic  Chemistry. 

That  Professor  Haughton  and  Mr.  David  Forbes,  F.G.S.,  be  requested  to 
furnish  a  Report  on  the  state  of  our  knowledge  of  the  Mineralogical  and 
Chemical  composition  of  Rocks  of  an  Igneous  origin. 


RECOMMENDATION*  OF  Ttii  OtiNERAL  COMMITTEE.  *U 

That  Professor  Oldham  be  requested  to  prepare  a  Report  on  the  state  of 
our  knowledge  of  the  Geology  of  India, 

That  Mr.  A.  H.  Haliday,  Professor  Kinahan,  and  Mr.  Wright,  be  requested 
to  prepare  a  Supplement  to  the  Fauna  bf  Ireland,  comprising  the  additions 
made  thereto  since  the  Report  of  the  late  Mr.  William  Thompson. 

That  Mr.  W.  Andrews  be  requested  to  report  on  the  Species  of  Fishes 
which  occur  on  the  West  Coast  of  Ireland. 

That  Mr.  J.  R*  Green  be  requested  to  report  on  the  present  state  of  our 
knowledge  of  the  Discoid  Medusidae  of  the  British  Seas. 

That  Professor  Kinahan  be  requested  to  prepare  a  Report  on  the  Crus- 
tacea of  Dublin  Bay. 

That  Mr.  Oldham  be  requested  to  continue  his  researches  on  Steam- 
Navigation  at  Hull 

Communications  to  be  printed  entire  among  the  Reports. 

Gustaf  Piarr.— On  some  Transformations  of  a  Series  of  Factorial  Expo- 
nentials. 

Herren  Schlagintweit. — On  some  Physical  Observations  made  in  India. 

Mr.  Commissioner  Hargreaves. — On  the  Algebraic  Couple. 

Mr.  A.Grubb. — On  the  Improvement  of  the  Reflecting  Telescope  and  the 
Equatorial  Mounting. 

Mr.  Oldham.— On  Steam-Navigation  at  Hull 

Mr.  C.  Vignoles. — On  Suspension  Bridges. 

Mr.  P.  Barlow.— Ou  Suspension  Bridges. 

Synapsis  of  Grants  of  Money  appropriated  to  Scientific  Oh'ects  by  the 
General  Committee  at  the  Dublin  Meeting  in  August  and  September 
1857,  with  the  name  of  the  Member,  who  alone,  or  as  the  First  of  u 
Committee,  is  entitled  to  draw  for  the  Money. 

Kew  Observatory.  £     s.    dm 

At  the  disposal  of  the  Council  for  defraying  expenses    500    0    0 

Chemical  Science. 

Maskjblyne,  Prof.— Chemistry  of  Photography     10  0  0 

Voelcker,  Prof. — On  Constituents  of  Manures 25  0  0 

Sullivan,  Prof.— Solubility  of  Salts 20  0  0 

Geology. 
Mallet,  R.,  C.E.— Earthquake  Wave  Experiments 50    6    0 

Zoology  and  Botany. 

Wright,  E.  P.— Dredging  Coast  of  Ireland lO  0  0 

Keddie,  W.— Vegetable  Imports  of  Scotland 10  0  0 

Henslow,  Prof. — Typical  Forms  for  Museums  . . , 10  0  0 

Miles,  Rev.  C.  P.— Dredging  West  Coast  of  Scotland 25  0  0 

Bell,  Prof. — Report  on  Annelida    •. 25  0  0 

Daubeny,  Dr. — Experiments  on  Vitality  of  Seeds 5  5  0 

Daubeny,  Dr.^Growth  of  Plants : 10  0  6 

Kinahan,  Prof. — Dredging  near  Dublin   10  0  0 

Patterson,  R.— Dredgiug  North  Coast  of  Ireland 20  0  0 

Mechanical  Science. 

Rennib,  G.— Production  of  Heat  in  Fluids    20    0    0 

Thomson,  J.— Discharge  of  Water . ; . .        10    0    0 

Grants. . . .  £760    5    0 
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General  Statement  of  Sums  which  liave  been  paid  on  Account  of  Grants  for 
Scientific  Purposes. 


1834. 
Tide  Discussions   20    0     0 

1835. 

Tide  Discussions   62     0     0 

British  Fossil  Ichthyology   105    0     0 


1167  0  0 

1836. 

Tide  Discussions  163  0  0 

British  Fossil  Ichthyology    105  0  0 

Thermometric  Observations,  &c     50  0  0 
Experiments  on  long-continued 

Heat  17  1  0 

Rain  Gauges 9  13  0 

Befraction  Experiments   15  0  0 

Lunar  Nutation 60  0  0 

Thermometers  15  6  0 


£434  14     0 


1837. 

Tide  Discussions   284  1  0 

Chemical  Constant*  24  13  6 

Lunar  Nutation 70  0  0 

Observations  on  Waves 100  12  0 

Tides  at  Bristol 150  0  0 

Meteorology  and    Subterranean 

Temperature 89  5  3 

Vitrification  Experiments 150  0  0 

Heart  Experiments   8  4  6 

Barometric  Observations  30  0  0 

Barometers    11  18  6 


£918  14     6 


1838. 

Tide  Discussions   29  0  0 

British  Fossil  Fishes     100  0  0 

Meteorological  Observations  and 

Anemometer  (construction) ...  100  0  0 

Cast  Iron  (Strength  of)    60  0  0 

Animal  and  Vegetable  Substances 

(Preservation  of) 19 

Railway  Constants    41 

Bristol  Tides 50 

Growth  of  Plants  75  0  0 

Mud  in  Rivers  3  6  6 

Education  Committee    50  0  0 

Heart  Experiments 5  3  0 

Land  and  Sea  Level 267  8  7 

Subterranean  Temperature  8  6  0 

Steam-vessels 100  0  0 

Meteorological  Committee    31  9  5 

Thermometers  • 16  4  0 


1  10 

12  10 

0     0 


£956  12     2 


1839. 

Fossil  Ichthyology 110    0  0 

Meteorological    Observations    at 

Plymouth  63  10  0 

Mechanism  of  Waves    144    2  0 

Bristol  Tides , • 35  18  6 


£  e.  d. 

Meteorology  and    Subterranean 

Temperature 21  11     O 

Vitrification  Experiments 9  4     7 

Cast  Iron  Experiments 100  0  O 

Railway  Constants    28  7  3 

Land  and  Sea  Level 274  1  4 

Steam-vessels'  Engines 100  0  0 

Stars  in  Histoire  Celeste  331  18  6 

Stars  in  Lacaille    11  0  0 

Stars  in  R.A.S.  Catalogue 6  16  6 

Animal  Secretions M     10  10  0 

Steam-engines  in  Cornwall 50  0  0 

Atmospheric  Air   16  1  0 

Cast  and  Wrought  Iron 40  0  0 

Heat  on  Organic  Bodies   3  0  0 

Gases  on  Solar  Spectrum 22  0  0 

Hourly  Meteorological  Observa- 
tions, Inverness  and  Kingussie    49  7  8 

Fossil  Reptiles  118  2  9 

Mining  Statistics  50  0  0 


£1595  11     0 


1840. 

Bristol  Tides 100 

Subterranean  Temperature  13 

Heart  Experiments  18 

Lungs  Experiments 8 

Tide  Discussions 50 

Land  and  Sea  Level 6 

Stars  (Histoire  Celeste)    242 

Stars  (Lacaille) 4 

Stars  (Catalogue) 264 

Atmospheric  Air   15 

Water  on  Iron  10 

Heat  on  Organic  Bodies   7 

Meteorological  Observations 62  17 

Foreign  Scientific  Memoirs 112     1 

Working  Population 100 

School  Statistics 50 

Forms  of  Vessels  184 

Chemical  and  Electrical  Phseno- 

mena 40 

Meteorological  Observations    at 

Plymouth  80 

Magnetical  Observations  185 


1841. 

Observations  on  Waves .  30 

Meteorology  and    Subterranean 

Temperature 8 

Actinometers.4 10 

Earthquake  Shocks  17 

Acrid  Poisons 6 

Veins  and  Absorbents  3 

Mud  in  Rivers  5 

Marine  Zoology 15 

Skeleton  Maps 20 

Mountain  Barometers 6 

Start  (Histoire  Celeste)........,...  185 


0    0 


£1546  16    4 


0    0 
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£    «.  d. 

Stars  (LacaiHe) 79    5  0 

Stars  (Nomenclature  of)    17  19  6 

Stars  (Catalogue  of) 40     0  0 

Water  on  Iron   50     0  0 

Meteorological    Observations    at 

Inverness    20     0  0 

Meteorological  Observations  (re- 
duction of) 25     0  0 

Fossil  Reptiles  50     0  0 

Foreign  Memoirs  62     0  0 

Railway  Sections  38     1  6 

Forms  of  Vessels   193  12  0 

Meteorological    Observations    at 

Plymouth  55     0  0 

Magnetical  Observations  61   18  8 

Fishes  of  the  Old  Red  Sandstone  100     0  0 

Tides  at  Leith   50     0  0 

Anemometer  at  Edinburgh  ......  69     1  10 

Tabulating  Observations   9     6  3 

Races  of  Men    5     0  0 

Radiate  Animals    ...  2     0  0 

£1235  10  11 

1842. 

Dynamometric  Instruments 113  11  2 

Anoplura  Britannise 52  12  0 

Tides  at  Bristol 59     8  0 

Oases  on  Light 30  14  7 

Chronometers    26  17  6 

Marine  Zoology 15  0 

British  Fossil  Mammalia  100     0  0 

Statistics  of  Education  20     0  0 

Marine  Steam- vessels'  Engines...  28     0  0 

Stars  (Histoire  Celeste) 59     0  0 

Stars  (Brit.  Assoc.  Cat.  of)  110     0  0 

Railway  Sections   161   10  0 

British  Belemnites 50     0  0 

Fouil   Reptiles    (publication    of 

Report) 210     0  0 

Forms  of  Vessels    180     0  0 

Galvanic  Experiments  on  Rocks  5     8  6 
Meteorological    Experiments    at 

Plymouth  68     0  0 

Constant  Indicator  and  Dynamo- 
metric  Instruments   90     0  0 

Force  of  Wind  10     0  0 

Light  on  Growth  of  Seeds    8     0  0 

Vital  Statistics  50     0  0 

Vegetative  Power  of  Seeds  8     1  11 

Questions  on  Human  Race  7     9  0 

JB1449  17  8 


1843. 

Revision  of  the  Nomenclature  of 
Stars  

Reduction  of  Stars,  British  Asso- 
ciation Catalogue  25     0 

Anomalous  Tides,  Frith  of  Forth  120    0 

Hourly  Meteorological  Observa- 
tions at  Kingussie  and  Inverness    77  12 

Meteorological  Observations  at 
Plymouth  55    0 

Whewell's  Meteorological  Ane- 
mometer at  Plymouth  ..     10    0 


2     0     0 


£    t.  d. 

Meteorological  Observations,  Os- 
ier's Anemometer  at  Plymouth    20    0     0 

Reduction  of  Meteorological  Ob- 
servations  •     tfO     0     0 

Meteorological  Instruments  and 

Gratuities  39     6     0 

Construction  of  Anemometer  at 

Inverness  56  12     3 

Magnetic  Co-operation 10    8  10 

Meteorological  Recorder  for  Kew 
Observatory  50    0    0 

Action  of  Gases  on  Light 18  16     1 

Establishment  at  Kew  Observa- 
tory, Wages,  Repairs,  Furni- 
ture and  Sundries ... 133     4     7 

Experiments  by  Captive  Balloons    81     8    0 

Oxidation  of  the  Rails  of  Railways    20     0     0 

Publication  of  Report  on  Fossil 
Reptiles .'. 40     0    0 

Coloured   Drawings  of  Railway 

Sections 147  18    3 

Registration       of      Earthquake 

Shocks   30     0    0 

Report  on  Zoological  Nomencla- 
ture         10     0     0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester 4     4     6 

Vegetative  Power  of  Seeds   5     3     8 

Marine  Testacea  (Habits  of)    ...     10     0     0 

Marine  Zoology 10    0     0 

Marine  Zoology 2  14  11 

Preparation  of  Report  on  British 

Fossil  Mammalia  100     0     0 

Physiological  Operations  of  Me- 
dicinal Agents   20     0     0 

Vital  Statistics  36     5     8 

Additional  Experiments  on  the 

Forms  of  Vessels  70     0     0 

Additional  Experiments  on  the 

Forms  of  Vessels  100     0     0 

Reduction  of  Experiments  on  the 
Forms  of  Vessels   100     0     0 

Morin's  Instrument  and  Constant 

Indicator    69  14  10 

Experiments  on  the  Strength  of 

Materials 60     0     0 

£1565  10     2 

1844. 

Meteorological    Observations    at 

Kingussie  and  Inverness  12     0     0 

Completing  Observations  at  Ply- 
mouth         35     0    0 

Magnetic  and  Meteorological  Co- 
operation        25     8     4 

Publication  of  the  British  Asso- 
ciation Catalogue  of  Stars 35    0    0 

Observations  on   Tides  on    the 

East  coast  of  Scotland 100    0    0 

Revision  of  the  Nomenclature  of 
Stars  1842       2     9     6 

Maintaining  the  Establishment  in 
Kew  Observatory    117  17     8 

Instruments  for  Kew  Observatory    56    7    3 


tlir 
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£     M.    d. 

Influence  of  Light  on  Plant* 10    0    tt 

Subterraneous   Temperature    in 

Ireland  5    0    0 

Coloured  Drawings  of  Railway 

Sections 15  17     6 

Investigation  of  Fossil  Fishes  of 

the  Lower  Tertiary  Strata  ...  100  0  0 
Registering  the  Shocks  of  Earth- 

quakes   1842    28  11  10 

Structure  of  Fossil  Shells 20    0     0 

Had  lata    and    Mollusca    of  the 

jEgean  and  Red  Seas 1*42  100    0    0 

Geographical     Distributions     of 

Marine  Zoology 1842      0  10     0 

Marine  Zoology  of  Devon  and 

Cornwall    10    0    0 

Marine  Zoology  of  CorfU 10    0    0 

Experiments  on  the  Vitality  of 

Seeds 9    0    3 

Experiments  on  the  Vitality  of 

Seeds 1842      8    7     3 

Exotic  Anoplura   15     0     0 

Strength  of  Materials    100    0    0 

Completing  Experiments  on  the 

Forms  of  Ships 100    0    0 

Inquiries  into  Asphyxia    10     0     0 

Investigations    on    the  Internal 

Constitution  of  Metals  50     0     0 

Constant  Indicator  and  Morin's 

Instrument,  1842 ;....     10     3     6 

45981   12     8 

1845. 
Publication  of  the  British  Associa- 
tion Catalogue  of  Stars 351  14  0 

Meteorological    Observations    at 

Inverness 30  18  11 

Magnetic  and  Meteorological  Co- 
operation      16  16  8 

Meteorological    Instruments    at 

Edinburgh 18  11  9 

Reduction  of  Anemometrical  Ob- 
servations at  Plymouth 25  0  0 

Electrical   Experiments  at  Kew 

Observatory  43  17  8 

Maintaining  the  Establishment  in 

Kew  Observatory  149  15  0 

For  RreH's  Barometrograph 25  0  0 

Gases  from  Iron  Furnaces    50  0  0 

The  Actinograph  15  0  0 

Microscopic  Structure  of  Shells...  20  0  0 

Exotic  Anoplura    1843  10  0  0 

Vitality  of  Seeds 1843  2  0  7 

Vitality  of  Seeds    1844  7  0  0 

Marine  Zoology  of  Cornwall 10  0  0 

Physiological  Action  of  Medicines  20  0  0 
Statistics  of  Sickness  and  Mor- 
tality in  York 20  0  0 

Barthquake  Shocks  1843  15  14  8 

£830  9  9 


1846. 
British  Association  Catalogue  of 
Stars  « 1844  111  15 


£ 
Fossil  Fishes  of  the  London  Clay  100 
Computation    of    the   Gaussian 

Constants  for  1839 50 

Maintaining  the  Establishment  at 

Kew  Observatory  146 

Strength  of  Materials 60 

Researches  in  Asphyxia 6 

Examination  of  Fossil  Shells 10 

Vitality  of  Seeds    ; 1844       2 

Vitality  of  Seeds   1845      7 

Marine  Zoology  of  Cornwall 10 

Marine  Zoology  of  Britain  10 

Exotic  Anoplura    1844    25 

Expenses  attending  Anemometers    1 1 

Anemometers'  Repairs 2 

Atmospheric  Waves 8 

Captive  Balloons  1844      8 

Varieties  of  the  Human  Race 

1844      T 
Statistics  of  Sickness  and  Mor- 
tality in  York 12 

45685 


*• 

d. 

0 

9 

0 

0 

16 

7 

0 

0 

16 

s 

0 

0 

15 

10 

12 

3 

0 

0 

0 

0 

0 

0 

7 

6 

8 

6 

3 

3 

19 

3 

6    3 


0     0 


16     0 


1847. 
Computation    of    the    Gaussian 

Constants  for  1839    50  0 

Habits  of  Marine  Animals    10  0 

Physiological  Action  of  Medicines    20  0 

Marine  Zoology  of  Cornwall    ...     10  0 

Atmospheric  Waves 6  9 

Vitality  of  Seeds   *      4  7 

Maintaining  the  Establishment  at 

Kew  Observatory ..107  8 

£208  5 


1848. 
Maintaining  the  Establishment  at 

Kew  Observatory 171  15  11 

Atmospheric  Waves 3  10  9 

Vitality  of  Seeds    9  15  0 

Completion  of  Catalogues  of  Stars    70  0  0 

On  Colouring  Matters  5  0  0 

On  Growth  of  Plants 15  0  0 

£275  1  8 


1849. 
Electrical  Observations  at  Rew 

Observatory  50    0 

Maintaining    Establishment    at 

ditto 76    2 

Vitality  of  Seeds    5    8 

On  Growth  of  Plants 5    0 

Registration  of  Periodical  Phe- 
nomena       10    0 

Bill  on  account  of  Anemometrical 

Observations 13    9 

£159  19 


1850. 
Maintaining  the  Establishment  at 

Kew  Observatory 255  18    0 

Transit  of  Earthquake  Watts  ...    00    0    0 


GBNWRAb  STATEMENT. 


l)V 


«   9.  d. 

Periodica]  Phenomena 15     0  0 

Meteorological    Instrument, 

Azores 25     0  0 

3345  18  Q 

1851. 
Maintaining  tbe  Establishment  at 

Kew  Observatory  (includes  part 

of grantin  1849)  309  2  2 

Theory  of  Heat 20  1  1 

Periodical  Phenomena  of  Animals 

end  Plants 5  0  0 

Vitality  of  Seeds   5  0  4 

Influence  of  Solar  Radiation 30  0  0 

Ethnological  Inquiries 12  0  0 

Researches  on  Annelida 10  0  0 

£391  9  7 

1852. 
Maintaining  the  Establishment  at 

Kew    Observatory    (including 

balance  of  grant  for  1850)    ...  233  17     8 
Experiments  on  the  Conduction 

of  Heat  5    2    9 

Influence  of  Solar  Radiations  ...     20    0     0 

Geological  Map  of  Ireland    15     0     0 

Researches  on  the  British  Anne* 

lida 10    0     0 

Vitality  of  Seeds    10    6    2 

Strength  of  Boiler  Plates 10    0    0 

£304     6     7 

1853. 

Maintaining  the  Establishment  at 

Kew  Observatory 165     0     0 

Experiments  on  the  Influence  of 
Solar  Radiation 15    0    0 

Researches  on  the  British  Anne- 
lida,      10    0    0 

Dredging  on  the  East  Coast  of 
Scotland 10    0    0 

Ethnological  Queries    5     0     0 

£205     0     0 

1854. 
Maintaining  the  Establishment. At 
Kew    Observatory   (including 

balance  of  former  grant)  330  15     4 

Investigations  on  Flax 11     0    0 

Effects     of     Temperature     on 

Wrought  Iron    10    0     0 

Registration  of  Periodical  Phes- 

10     0    0 


British  Annelida   10  0  Q 

Vitality  of  Seeds 5  2  9 

Conduction  of  Heat 4  2  0 

£3«Q  19  7 


1855. 
Maintaining  the  Establishment  at 

Kew  Observatory 49$     0  Q 

Earthquake  Movements    ...,....,     10     0  0 

Physical  Aspect  of  the  Moon......     118  5 

Vitality  of  Seeds   10     7  11 

Map  of  the  World 15     0  0 

Ethnological  Queries    .,., ,       5    0  Q 

Dredging  near  Belfast  4     0  p 

£480  16  4 


1856. 
Maintaining  the  Establishment  at 
Kew  Observatory  :— 

1854 £  75    0     01    „_ 

1855 £500     0     0/   °75 

Strickland's  Ornithological  Syno- 
nyms    1Q0 

Dredging  and  Dredging  Forms...       9 

Chemical  Action  of  Light 20 

Strength  of  Iron  Plates 10 

Registration  of  Periodical  Phseno- 

mena 10 

Propagation  of  Salmon  ., 10 


0    0 


£734  18     ft 


1857. 
Maintaining  the  Establishment  at 

Kew  Observatory 850 

Earthquake  Wave   Experiments  40 

Dredging  near  Belfast  10 

Dredging  on  the  West  Coast  of 

Scotland „  10 

Investigations  into  the  Mollusca 

of  California  1Q 

Experiments  on  Flax    „..„  5 

Natural  History  of  Madagascar  20 
Researches  on  British  Annelida  25 
Report  on  Natural  Products  im- 
ported into  Liverpool    10 

Artificial  Propagation  of  Salmon  10 

Temperature  of  Mines 7 

Thermometers  for  Subterranean 

Observations I 

Life-Boats , ......  5 


11 

9   o 
a  fi 

o  o 

i: 

0     0 


£507  15    4 


Extracts  from  Resohuions  of  ike  General  Commitoe. 

Committees  and  individuals,  to  whom  grants  of  money  for  scientific  pur- 
poses have  been  entrusted,  are  required  to  present  to  each  following  meeting 
of  the  Association  a  Report  of  the  progress  which  has  been  made ;  with  a 
statement  of  the  sums  which  have  been  expended,  and  the  balance  which  re- 
mains disposable  on  each  grant 

Grants  of  pecuniary  aid  for  scientific  purposes  from  the  funds  of  the  Asso- 
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ciation  expire  at  the  ensuing  meeting,  unless  it  shall  appear  by  a  Report  that 
the  Recommendations  have  been  acted  on,  or  a  continuation  of  them  be 
ordered  by  the  General  Committee. 

In  each  Committee,  the  Member  first  named  is  the  person  entitled  to  call 
on  the  Treasurer,  John  Taylor,  Esq.,  6  Queen  Street  Place,  Upper  Thames 
Street,  London,  for  such  portion  of  the  sum  granted  as  may  from  time  to 
time  be  required. 

In  grants  of  money  to  Committees,  the  Association  does  not  contemplate 
the  payment  of  personal  expenses  to  the  Members. 

In  all  cases  where  additional  grants  of  money  are  made  for  the  continua- 
tion of  Researches  at  the  cost  of  the  Association,  the  sum  named  shall  be 
deemed  to  include,  as  a  part  of  the  amount,  the  specified  balance  which  may 
remain  unpaid  on  the  former  grant  for  the  same  object. 


General  Meetings, 

On  Wednesday,  Aug.  26,  at  8£  p.m.,  in  the  Rotunda,  C.  G.  B.  Daubeny, 
M.D.,  F.R.S<>  Professor  of  Botany  in  the  University  of  Oxford,  resigned  the 
office  of  President  to  the  Rev.  Humphrey  Lloyd,  D.D.,  D.C.L.,  F.R.S.L.&E., 
V.P.R.I.A.,  who  took  the  Chair  and  delivered  an  Address,  for  which  see 
page  xlvii. 

On  Thursday  Evening  the  Association  was  received  by  the  Royal  Dublin 
Society. 

On  Friday,  Aug.  28,  at  8j  p.m.,  in  the  Rooms  of  the  Royal  Dublin 
Society,  Prof.  W.  Thomson,  F.R.S.,  delivered  a  Discourse  on  the  Atlantic 
Telegraph. 

On  Saturday,  Aug.  29,  at  8§  p.m.,  the  Association  was  received  by  the 
Royal  Irish  Academy. 

On  Monday,  Aug.  SI,  at  8£  p.m.,  in  the  Rooms  of  the  Royal  Dublin 
Society,  the  Rev.  Dr.  Livingstone,  D.C.L.,  delivered  a  Discourse  on  his  recent 
discoveries  in  Africa. 

On  Tuesday,  Sept.  1,  at  8A  p.m.,  the  Association  was  received  in  the 
Castle  by  His  Excellency  the  Lord  Lieutenant  of  Ireland. 

On  Wednesday,  Sept  2,  at  3  p.m.,  the  concluding  General  Meeting  took 
place  in  Trinity  College,  when  the  Proceedings  of  the  General  Committee, 
and  the  Grants  of  Money  for  scientific  purposes,  were  explained  to  the 
Members. 

The  Meeting  was  then  adjourned  to  Leeds*. 

*  The  Meeting  is  appointed  to  take  place  on  Wednesday,  the  22nd  of  September,  1858. 
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Thb  Rbv.  HUMPHREY  LLOYD,  D.D.,  D.C.L., 
F.R.S.L.  &  E*,  V.P.R.LA.,  Fellow  of  Trinity  College,  Dublin. 


Gentlemen  of  the  British  Association, 

Before  I  proceed  to  the  task  which  devolves  upon  me  this  evening,  in 
virtue  of  the  position  in  which  your  kindness  has  placed  me,  suffer  me  first 
to  thank  you  for  the  high  honour  you  have  conferred.  But,  highly  as  I 
esteem  the  distinction,  it  was  not  without  hesitation  that  I  accepted  it ;  for  no 
one  can  feel  more  strongly  than  I  do  myself  how  unfit  I  am  for  some  of  the 
duties  connected  with  it,  or  how  much  more  adequately  they  might  have 
been  performed  by  others.  But  I  knew,  at  the  same  time,  that  it  has  been 
the  desire  of  your  Council,  when  practicable,  to  select  your  President  from 
among  those  local  Members  who  had  served  in  the  ranks  of  the  Association 
and  had  shared  in  its  labours ;  and  with  such  knowledge,  and  the  conscious- 
ness that  I  had,  at  least,  that  humble  claim,  I  felt  that  I  had  no  right  to  dis- 
pute your  choice. 

I  do  not  know  whether  I  may  venture  to  interpret  further  your  motives,  and 
to  assign  another  reason  for  your  selection.  Two-and-twenty  years  have 
elapsed  since  you  visited  this  city.  Upon  that  occasion  my  nearest  relative 
presided,  and  I  myself  had  the  honour  of  serving  as  one  of  your  local  Secre- 
taries. Many  concurring  circumstances  contributed  to  make  that  meeting 
an  agreeable  one ;  and  if  your  Council  has  thought  fit,  on  this  occasion,  to 
associate  the  present  with  the  memories  of  the  past,  the  motive  is,  at  least,  a 
pardonable  one. 

Gentlemen,  this  is  to  me  a  solemn  occasion.  Two-and-twenty  years  are 
no  inconsiderable  portion  even  of  the  longest  life ;  and  that  man's  moral  na- 
ture is  not  to  be  envied,  who  can  contemplate  the  distant  past  thus  vividly 
recalled  without  emotion.  These  two  decades  have  brought  with  them  their 
own  large  measure  of  change.    The  Body  in  which  we  are  associated  has 
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grown  up  from  youth  to  maturity ;  many  of  its  honoured  names  are  now 
sought  for  only  in  the  imperishable  records  of  their  toils ;  the  institutions 
which  welcomed  it  here  upon  its  former  visit  to  this  city  have  all  received 
the  impress  of  the  changing  times.  And  yet,  amid  all  this  change,  we  meet 
once  more  in  the  same  city, — in  the  same  room, — to  enter  again  on  the  same 
labours ;  our  assemblage  is  now,  as  it  was  before,  dignified  by  the  presence 
of  the  Representative  of  Majesty ;  and  I  see  around  me,  associated  for  this 
task,  many  of  those  who  shared  it  before ; — the  men  whose  sagacity  first  per- 
ceived the  want  of  such  a  Society  as  this,  whose  energy  supplied  it,  and 
whose  wisdom  directed  its  steps  while  it  had  need  of  guidance. 

I  trust  I  may  be  forgiven  for  dwelling  thus  far  on  the  peculiar  circum- 
stances under  which  we  are  here  assembled ;  and  I  now  hasten  to  discharge 
the  task  which  the  usages  of  this  Chair  impose  upon  me,  and  proceed  to  lay 
before  you,  as  well  as  I  am  able,  a  brief  sketch  of  the  recent  progress  of  some 
of  those  Sciences  to  whose  advancement  we  are  pledged  by  our  institution. 
In  doing  so,  I  gladly  follow  the  practice  which  has  of  late  become  the  rule, 
namely,  that  your  President  for  each  year  should  bring  under  your  notice 
chiefly,  the  recent  additions  to  those  departments  of  Science  with  which  he 
happens  to  be  himself  most  familiar.  It  is  plainly  fitting  that  he  who  addresses 
you  should  speak,  as  far  as  he  can,  from  his  own  acquired  knowledge.  Partial 
views  are  better  than  inexact  ones ;  and  provision  is  made  for  their  eompte- 
tion  in  the  annual  change  of  your  Officer.  In  the  present  instanee  I  derive 
the  full  advantage  of  this  arrangement,  inasmuch  as  the  subjects,  upon 
which  I  could  not  thus  speak  have  been,  most  of  them,  ably  treated  by  my 
predecessor  in  this  Chair. 

To  commence,  then,  with  Astronomy : — The  career  of  planetary  discovery, 
which  began  in  the  first  years  of  the  present  century,  and  was  resumed  in 
184-5,  has  sipce  continued  with  unabated  ardour.  Since  1846  not  a  single 
year  has  passed  without  some  one  or  more  additions  to  the  number  of  the 
planetoids;  and  in  one  year  alone  (1852),  no  fewer  than  eight  of  these 
bodies  were  discovered.  The  last  year  has  furnished  its  quota  of  five ;  and  in 
the  present  three  more  have  been  found,  one  by  Mr.  Pogson  of  Oxford,  and 
the  other  two  by  M.  Goldscbmidt  of  Paris.  Their  known  number  is  new 
forty**! ve.  Their  total  mass,  however,  is  very  small ;  the  diameter  of  the 
largest  being  less  than  forty  miles,  while  that  of  the  smallest,  ASnlankh  !• 
little  more  than  four. 

These  discoveries  have  been,  facilitated  by  star-maps  and  star-catalogues, 
the  formation  of  which  they  have,  on  the  other  hand,  stimulated.  Two  very 
extensive  works  of  this  kind  are  now  in  progress, — the  Star-catalogue  of  M. 
Chacornac,  made  at  the  Observatory  of  Marseilles,  in  course  of  publicaiios 
by  the  French  Government,  and  that  of  Mr.  Cooper,  made  at  bis  Observa- 
tory at  Markree,  in  Ireland,  which  is  now  being  published  by  the  help  of  the 
parliamentary  grant  of  the  Royal  Society.    It  is  a  remarkable  result  of  the 
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latter  labour,  that  no  fewer  than  seventy-seven  stars,  previously  catalogued, 
are  now  missing.  This,  no  doubt,  is  to  be  ascribed,  in  part,  to  the  errors  of 
former  observations ;  but  it  seems  reasonable  to  suppose  that,  to  some  extent 
at  least,  it  is  the  result  of  changes  actually  in  progress  in  the  Sidereal 
Systems.  ' 

The  sadden  appearance  of  a  new  fixed  star  in  the  heavens, — its  subsequent 
change  of  lustre, — and  its  final  disappearance,  are  phenomena  which  have 
at  all  times  attracted  the  attention  of  astronomers.  About  twenty  such  have 
been  observed.  Arago  has  given  the  history  of  the  most  remarkable,  and 
discussed  the  various  hypotheses  which  have  been  proposed  for  their  expla- 
nation. Of  these,  the  most  plausible  is  that  which  attributes  the  phenomenon 
to  unequal  brightness  of  the  faces  of  the  star,  which  are  presented  success* 
ively  to  the  earth  by  the  star's  rotation  round  its  axis.  On  this  hypothesis 
the  appearance  should  be  periodic.  M.  Goldschmidt  has  recently  given  sup- 
port to  this  explanation,  by  rendering  it  probable  that  the  new  star  of  1609 
is  the  same  whose  appearance  was  recorded  in  the  years  393, 798,  and  1203 ; 
its  period,  in  such  case,  is  405£  years. 

The  greater  part  of  the  celestial  phenomena  are  comprised  in  the  move- 
ments of  the  heavenly  bodies,  and  the  configurations  depending  on  them ; 
and  they  are  for  the  most  part  reducible  to  the  same  law  of  gravity  which 
governs  the  planetary  motions.  But  there  are  appearances  which  indicate 
the  operation  of  other  forces,  and  which  therefore  demand  the  attention  of 
the  physicist, — although,  from  their  nature,  they  must  probably  long  remain 
subjects  of  speculation.  Of  these  the  spiriform  nebulae,  discovered  by  Lord 
Rosse,  have  been  already  referred  to  from  this  Chair,  as  indicating  changes 
in  the  more  distant  regions  of  the  universe,  to  which  there  is  nothing  entirely 
analogous  in  our  own  System.  These  appearances  are  accounted  for,  by  an 
able  anonymous  writer,  by  the  action  of  gravitating  forces  combined  with 
the  effects  of  a  resisting  medium, — the  resistance  being  supposed  to  bear  a 
sensible  proportion  to  the  gravitating  action. 

The  constitution  of  the  central  body  of  our  own  System  presents  a  nearer 
and  more  interesting  subject  of  speculation.  Towards  the  close  of  the  last 
century  many  hypotheses  were  advanced  regarding  the  nature  and  constitu- 
tion of  the  Sun,  all  of  which  agreed  in  considering  it  to  be  an  opaque  body, 
surrounded  at  some  distance  by  a  luminous  envelope.  But  the  only  certain 
fact  which  has  been  added  to  science  in  this  department  is  the  proof  given 
by  Arago,  that  the  light  of  the  Sun  emanated,  not  from  an  incandescent 
solid,  but  from  a  gaseous  atmosphere ;  the  light  of  incandescent  solid  bodies 
being  polarized  by  refraction,  while  the  light  of  the  Sun,  and  that  emitted  by 
gaseous  bodies,  is  unpolarized. 

According  to  the  observations  of  Schwabe,  which  have  been  continued 
without  intermission  for  more  than  thirty  years,  the  magnitude  of  the  solar 
surface  obscured  by  spots  increases  and  decreases  periodically,  the  length  of 
the  period  being  11  years  and  40  days.  This  remarkable  fact,  and  the  rela- 
tion which  it  appears  to  bear  to  certain  phenomena  of  terrestrial  magnetism, 
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hare  attracted  fresh  interest  to  the  study  of  the  solar  surface;  and,  upon  the 
suggestion  of  Sir  John  Herschel,  a  photo-heliographic  apparatus  has  lately 
been  established  at  Kew,  for  the  purpose  of  depicting  the  actual  macular 
state  of  the  Sun's  surface  from  time  to  time. 

It  is  well  known  that  Sir  William  Herschel  accounted  for  the  solar  spots 
by  currents  of  an  elastic  fluid,  ascending  from  the  body  of  the  Sun,  and  pene- 
trating the  exterior  luminous  envelope.  A  somewhat  different  speculation 
of  the  same  kind  has  been  recently  advanced  by  Mosotti,  who  has  endea- 
voured to  connect  the  phenomena  of  the  solar  spots  with  those  of  the  red 
protuberances,  which  appear  to  issue  from  the  body  of  the  Sun  in  a  total 
eclipse,  and  which  so  much  interested  astronomers  in  the  remarkable  eclipse 
of  184*3. 

Next  to  the  Sun,  our  own  satellite  has  always  claimed  the  attention  of 
astronomers,  while  the  comparative  smallne$s  of  its  distance  inspired  the  hope 
that  some  knowledge  of  its  physical  structure  could  be  attained  with  the 
large  instrumental  means  now  available.  Accordingly,  at  the  Meeting  of 
the  Association  held  at  Belfast  in  1852,  it  was  proposed  that  the  Earl  of 
Rossc,  Dr.  Robinson,  and  Professor  Phillips  be  requested  to  draw  up  a  Re- 
port on  the  physical  character  of  the  Moon's  surface,  as  compared  with  that 
of  the  Earth.  That  the  attention  of  these  eminent  observers  has  been 
directed  to  the  subject,  may  be  inferred  from  the  communication  since  made 
by  Professor  Phillips  to  the  Royal  Society  on  the  lunar  mountain,  Gassendi, 
and  the  surrounding  region ;  but  I  am  not  aware  that  the  subject  is  yet  ripe 
for  a  Report 

I  need  not  remind  you,  that  the  Moon  possessed  neither  sea  nor  atmo- 
sphere of  appreciable  extent.  Still,  as  a  negative,  in  such  case,  is  relative 
only  to  the  capabilities  of  the  instruments  employed,  the  search  for  the  indi- 
cations of  a  lunar  atmosphere  has  been  renewed  with  every  fresh  augmen- 
tation of  telescopic  power.  Of  such  indications  the  most  delicate,  perhaps, 
are  those  afforded  by  the  occultation  of  a  planet  by  the  Moon.  The  occul- 
tation  of  Jupiter,  which  took  place  on  the  2nd  of  January  last,  was  observed 
with  this  reference,  and  is  said  to  have  exhibited  no  hesitation,  or  change  of 
form  or  brightness,  such  as  would  be  produced  by  the  refraction  or  absorp- 
tion of  an  atmosphere.  As  respects  the  sea,  the  mode  of  examination  long 
since  suggested  by  Sir  David  Brewster  is  probably  the  most  effective.  If 
water  existed  on  the  Moon's  surface,  the  Sun's  light  reflected  from  it  should 
be  completely  polarized  at  a  certain  elongation  of  the  Moon  from  the  Sun. 
No  traces  of  such  light  have  been  observed ;  but  I  am  not  aware  that  the 
observations  have  been  repeated  recently  with  any  of  the  larger  telescopes. 

It  is  now  well  understood  that  the  path  of  astronomical  discovery  is  ob- 
structed much  more  by  the  Earth's  atmosphere,  than  by  the  limitation  of 
telescopic  powers.  Impressed  with  this  conviction,  the  Association  has,  for 
some  time  past,  urged  upon  Her  Majesty's  Government  the  scientific  import- 
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attee  of  establishing  a  large  reflector  at  some  elevated  station  in  the  Southern 
Hemisphere.  In  the  meantime,  and  to  gain  (as  it  were)  a  sample  of  tbe 
results  which  might  be  expected  from  a  more  systematic  search,  Professor 
Pfatzi  Smyth  undertook,  last  summer,  the  task  of  transporting  a  large  collec- 
tion of  instruments — meteorological  and  magnetical,  as  well  as  astronomical 
— to  a  high  point  on  the  Peak  of  Teneriffe.  His  stations  were  two  in  num- 
ber, at  the  altitudes  above  the  sea  of  8840  and  10,700  feet  respectively ;  and 
the  astronomical  advantages  gained  may  be  inferred  from  the  fact,  that  the 
heat  radiated  from  the  Moon,  which  has  been  so  often  sought  for  in  vain  in  a 
lower  region,  was  distinctly  perceptible  with  the  aid  of  the  thermo-multiplier. 

The  researches  relative  to  the  Figure  of  the  Earth,  and  the  Tides,  are  in- 
timately connected  with  Astronomy,  and  next  claim  our  attention. 

The  results  of  the  Ordnance  Survey  of  Britain,  so  far  as  they  relate  to  the 
Earth's  figure  and  mean  density,  have  been  lately  laid  before  the  Royal  So- 
ciety by  Colobel  James,  the  Superintendent  of  the  Survey.  The  ellipticity 
deduced  is  ^~.  The  mean  specific  gravity  of  the  Earth,  as  obtained  from 
the  attraction  of  Arthur's  Seat,  near  Edinburgh,  is  5*316, — a  result  which 
accords  satisfactorily  with  the  mean  of  the  results  obtained  by  the  torsion 
balance.  Of  the  accuracy  of  this  important  work  it  is  sufficient  lo  observe, 
that  when  the  length  of  each  of  tbe  measured  bases — in  Salisbury  Plain,  and 
on  the  shores  of  Lough  Foyle — was  computed  from  the  other,  through  the 
whole  series  of  intermediate  triangles,  the  difference  from  the  measured 
length  was  only  5  inches  in  a  length  of  from  5  to  7  miles. 

Our  knowledge  of  the  laws  of  the  Tides  has  received  an  important  acces- 
sion, in  the  results  of  the  Tidal  Observations  made  around  the  Irish  coasts 
in  1851,  under  the  direction  of  the  Royal  Irish  Academy.  The  discussion  of 
these  observations  was  undertaken  by  Professor  Haughton,  and  that  portion 
of  it  which  relates  to  the  diurnal  tides  has  been  already  completed  and 
published.  The  most  important  result  of  this  discussion  is  the  separation  of 
the  effects  of  the  Sun  and  the  Moon  in  the  diurnal  tide, — a  problem  which 
was  proposed  by  tbe  Academy,  as  one  of  the  objects  to  be  attained  by  the 
contemplated  observations,  and  which  has  been  now  for  the  first  time  solved. 
From  the  comparison  of  these  effects  Professor  Haughton  has  drawn  some 
remarkable  conclusions  relative  to  the  mean  depth  of  the  sea  in  the  Atlantic. 
In  the  dynamical  theory  of  the  tides,  the  ratio  of  the  solar  to  the  lunar  effect 
depends  not  only  on  the  masses,  distances,  and  periodic  times  of  the  two 
luminaries,  but  also  on  the  depth  of  the  sea;  and  this,  accordingly,  may 
be  computed  when  the  other  quantities  are  known.  In  this  manner  Professor 
Haughton  has  deduced,  from  the  solar  and  lunar  coefficients  of  the  diurnal 
tide,  a  mean  depth  of  5*12  miles, — a  result  which  accords  in  a  remarkable 
manner  with  that  inferred  from  the  ratio  of  the  semidiurnal  coefficients,  as 
obtained  by  Laplace  from  the  Brest  observations.  The  subject,  however,  is 
far  from  being  exhausted.    The  depth  of  the  sea,  deduced  from  the  solar 
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and  lunar  tidal  intervals,  and  from  the  age  of  the  lunar  diurnal  tide,  is  some- 
what more  than  double  of  the  foregoing ;  and  the  consistency  of  the  indi- 
vidual results  is  such  as  to  indicate,  that  their  wide  difference  from  the  former 
is  not  attributable  to  errors  of  observation.  Professor  Haughton  throws  out 
the  conjecture  that  the  depth,  deduced  from  the  tidal  intervals  and  ages,  corre- 
sponds to  a  different  part  of  the  ocean  from  that  inferred  from  the  heights. 

The  phenomena  of  Terrestrial  Magnetism  present  many  close  analogies 
with  those  of  the  tides ;  and  their  study  has  been,  in  a  peculiar  manner,  con- 
nected with  the  labours  of  this  Association.  To  this  body,  and  by  the  hands 
of  its  present  General  Secretary,  were  presented  those  Reports  on  the  dis- 
tribution of  the  Terrestrial  Magnetic  Force  which  reawakened  the  attention 
of  the  scientific  world  to  the  subject  It  was  in  the  Committee-rooms  of 
this  Association  that  the  first  step  was  taken  towards  that  great  magnetic 
organization  which  has  borne  so  much  fruit ; — it  was  here  that  the  philoso- 
phical sagacity  of  Herschel  guided  its  earlier  career ; — and  it  was  here  again 
that  the  cultivators  of  the  science  assembled,  from  every  part  of  Europe,  to 
deliberate  about  its  future  progress.  It  was  natural,  therefore,  that  the  re- 
sults obtained  from  such  beginnings  should  form  a  prominent  topic  in  the 
addresses  which  have  been  annually  delivered  from  this  Chair ;  and  the  same 
circumstances  will  plead  my  excuse,  if  I  now  revert  to  some  of  them  which 
have  been  already  touched  upon  by  my  predecessors. 

It  has  been  long  known  that  the  elements  of  the  £arth*s  magnetic  force 
were  subject  to  certain  regular  and  recurring  changes,  whose  periods  were, 
respectively,  a  day  and  a  year,  and  which,  therefore,  were  referred  to  the  Sun 
as  their  source.  To  these  periodical  changes  Dr.  Lamont,  of  Munich,  added 
another  of  ten  gears,  the  diurnal  range  of  the  magnetic  declination  having 
been  found  to  pass  from  a  maximum  to  a  minimum,  and  back  again,  in 
about  that  time.  ,    . 

But  besides  these  slow  and  regular  changes,  there  are  others  of  a  different 
class,  which  recur  at  irregular  intervals,  and  which  are  characterized  by  a 
large  deviation  of  the  magnetic  elements  from  their  normal  state,  and  gene- 
rally also  by  rapid  fluctuation  and  change.  These  phenomena,  called  by 
Humboldt  "  magnetic  storms,"  have  been  observed  to  occur  simultaneously 
in  the  most  distant  parts  of  the  earth,  and  therefore  indicate  the  operation 
of  causes  affecting  the  entire  globe.  But,  casual  as  they  seem,  they  are 
found  to  be  subject  to  laws  of  their  own.  Professor  Kreil  was  the  first  to 
discover  that,  at  a  given  place,  they  recurred  more  frequently  at  certain 
hours  of  the  day  than  at  others ;  and  that  consequently,  in  their  mean  effects, 
they  were  subject  to  periodical  laws,  depending  upon  the  hour  at  each  station. 

The  laws  of  this  periodicity  have  been  ably  worked  out  by  General  Sabine, 
in  his  discussion  of  the  results  of  the  British  Colonial  Observatories ;  and 
he  has  added  the  important  facts,  that  the  same  phenomena  observe  also  the 
two  other  periods  already  noticed,  namely  the  annual  and  the  decennial 
periods.     He  has  further  arrived  at  the  very  remarkable  result,  that  the  de- 


ADDRESS.  Hit 

cennial  magnetic  period  coincides,  both  in  its  duration  and  in  its  epochs  of 
maxima  and  minima,  with  the  decennial  period  observed  by  Schwabe  in  the 
solar  spots ;  from  which  it  is  to  be  inferred  that  the  Sun  exercises  a  magnetic 
influence  upon  the  Earth,  dependent  on  the  condition  of  its  luminous 
envelope. 

We  are  thus  in  the  presence  of  two  facts,  which  appear  at  first  sight 
opposed,  namely,  the  absolute  simultaneity  of  magnetic  disturbances  at  all 
parts  of  the  Earth,  and  their  predominance  at  certain  local  hours  at  each 
place.  General  Sabine  accounts  for  this  apparent  discrepancy  by  the  cir- 
cumstance, that  the  hours  of  maximum  disturbance  are  different  for  the 
different  elements;  so  that  there  may  be  an  abnormal  condition  of  the 
magnetic  force,  operating  at  the  same  instant  over  the  whole  globe,  but 
manifesting  itself  at  one  place  chiefly  in  one  element,  and  at  another  place 
in  another.  I  would  venture  to  suggest,  as  a  subject  of  inquiry,  whether  the 
phenomena  which  have  been  hitherto  grouped  together  as  "occasional** 
effects,  may  not  possibly  include  two  distinct  classes  of  changes,  obeying 
separate  laws — one  of  them  being  strictly  periodic,  and  constituting  a  part  of 
the  regular  diurnal  change,  while  the  other  is  strictly  abnormal,  and  simul- 
taneous. If  this  be  so,  it  would  follow  that  we  are  not  justified  in  separating 
the  larger  changes  from  the  rest,  merely  on  the  ground  of  their  magnitude ; 
and  thai  a  different  analysis  of  the  phenomenon  will  be  required. 

The  effects  hitherto  considered  are  all  referable  to  the  Sun  as  their  cause. 
Professor  Kreil  discovered,  however,  that  another  body  of  our  System — 
namely,  our  own  satellite — exerted  an  effect  upon  the  magnetic  needle; 
and  that  the  magnetic  declination  underwent  a  small  and  very  regular  varia- 
tion, whose  amount  was  dependent  on  the.  lunar  hour-angle,  and  whose  period 
was  therefore  a  lunar  day.  This  singular  result  was  subsequently  confirmed 
by  Mr.  Broun,  in  his  discussion  of  the  Makerstoun  Observations ;  and  its 
laws  have  since  been  fully  traced,  for  all  the  magnetic  elements,  by  General 
Sabine,  in  the  results  obtained  at  the  Colonial  Magnetic  Observatories. 

The  foregoing  facts  bear  closely  upon  the  debated  question  of  the  causes 
of  the  magnetic  variations.  It  has  been  usual  to  ascribe  the  periodical 
changes  of  the  Earth's  magnetic  force  to  the  thermic  action  of  the  Sun, 
operating  either  directly  upon  the  magnetism  of  the  Earth,  or  affecting  it 
indirectly  by  the  induction  of  the  thermo-electric  currents.  Here,  however, 
we  have  a  distinct  case  of  magnetic  action,  unaccompanied  by  heat ;  and 
the  question  is  naturally  suggested,  whether  the  solar  diurnal  change  may 
not  also  be  independent  of  temperature. 

The  most  important  fact,  in  its  bearing  upon  this  question,  is  the  existence 
of  an  annual  inequality  in  the  diurnal  variation,  dependent  on  the  Sun's 
declination,  recently  pointed  out  by  General  Sabine.  If  we  deduct  the 
ordinate  of  the  curve,  which  represents  the  mean  diurnal  variation  for  the 
entire  year,  from  those  for  the  summer  and  winter  half-yearly  curves  re- 
spectively, the  differences  are  found  to  be  equal  and  opposite ;  and  the  curves 


liv  REPQ3T — 1857- 

whioh  represent  them  are,  consequently,  similar,  but  oppositely  placid  with 
respect  to  the  axis  of  abscissae.  From  this  General  Sabine  draws  the  in- 
ference, that  the  diurnal  variation  is  a  direct  effect  of  solar  action,  and  not  a 
result  of  its  thermic  agency. 

The  most  important  step  which  has  been  recently  taken  in  this  country 
to  advance  the  science  of  Meteorology,  has  been  the  formation  of  a  depart- 
ment connected  with  the  Board  of  Trade,  for  the  collection  and  discussion 
of  Meteorological  Observations  made  at  sea*  The  practical  results  of  a 
similar  undertaking  in  the  United  States  are  now  well  known.  The  charts 
and  sailing  directions,  published  by  Lieutenant  Maury,  have  enabled  navi- 
gators to  shorten  their  passages,  in  many  cases  by  one-fourth  of  the  time, 
and  in  some  even  to  a  greater  extent  The  commercial  importance  of  such 
results  could  not  fail  to  attract  general  attention ;  and  accordingly,  when 
the  United  States  Government  invited  other  maritime  nations  to  cooperate 
in  the  undertaking,  the  invitation  was  cordially  accepted.  A  conference  was 
held  at  Brussels  in  1853,  at  which  meteorologists  deputed  by  those  Powers 
attended ;  and  a  Report  was  made,  recommending  the  course  to  be  pursued 
in  a  general  system  of  marine  meteorological  observations.  This  Report 
was  laid  before  the  British  Parliament  soon  after,  and  a  sura  of  money  was 
voted  for  the  necessary  expenditure.  The  British  Association  undertook  to 
supply  verified  instruments,  by  means  of  its  Observatory  at  Kew ;  and  the 
Royal  Society,  in  consultation  with  the  most  eminent  meteorologists  of 
Europe  and  America,  addressed  an  able  Report  to  the  Board  of  Trade,  in 
which  the  objects  to  be  attended  to,  so  as  to  render  the  system  of  observa- 
tion most  available  for  science,  were  clearly  set  forth.  With  this  cooperation 
on  the  part  of  the  two  leading  Scientific  Societies,  the  establishment  was 
soon  organized.  It  was  placed  under  the  direction  of  a  distinguished  naval 
officer,  Admiral  FitzRoy ;  and  in  the  beginning  of  1855  it  was  in  operation. 
Agents  were  established  at  the  principal  ports  for  the  supply  of  instruments, 
books,  and  instructions ;  and  there  are  now  more  than  200  British  ships  sq 
furnished,  whose  officers  have  undertaken  to  make  and  record  the  required 
observations,  and  to  transmit  them  from  time  to  time  to  the  Department.  At 
the  present  time  TOO  months  of  logs  have  been  received,  from  nearly  100 
merchant  ships,  and  are  in  process  of  tabulation. 

Holland  is  taking  similar  steps ;  and  the  Meteorological  Institute  of  that 
country,  under  the  direction  of  Mr.  Buys  Bellot,  has  already  published  three 
volumes  of  nautical  information,  obtained  from  Dutch  vessels  in  the  Atlantic 
and  Indian  Ocean. 

For  the  purposes  of  Meteorological  Science  this  system  cannot  be  con- 
sidered as  complete,  until  observations  on  land  are  included.  Most  of  the 
greater  atmospheric  changes  are  due  to  the  distribution  of  land  and  water, 
and  to  the  differeot  effects  of  the  Sun's  rays  on  each.  Observation  alone 
can  furnish  the  data  from  which  the  effects  of  these  agencies  may  be  calcu- 
lated ;  and  we  can  therefore  probably  make  no  great  advance  in  the  knowledge 
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of  the  meteorology  of  the  globe,  without  a  concurrent  investigatiop  of  its  two 
leading  departments.  Land  observations  exist  in  great  numbers.  In  Prussia, 
in  Russia,  in  Austria,  and  in  Belgium,  such  observations  are  organized 
under  Government  direction,  or  at  least  with  Government  support  \  iti  other 
parts  of  Europe,  as  in  Britain,  the  labour  is  left  to  individuals  or  scientific 
societies.  What  is  needed  is  to  give  unity  to  these  isolated  labours — to  con- 
nect them  with  one  another,  and  with  the  results  obtained  at  sea ;  and  the 
first  step  to  this  seems  to  be,  to  give  them,  in  each  country,  that  permanence 
and  uniformity  of  system  which  can  only  be  ensured  in  measures  adopted 
by  the  State. 

Here,  however,  we  encounter  an  objection,  upon  which  it  is  necessary  to 
say  a  few  words. 

It  has  been  objected  to  the  Science  of  Meteorology,  as  it  is  usually  studied, 
that  it  proceeds  upon  a  false  method;  and  that,  consequently,  it  has  led,  and 
eaa.  lead,  to  no  results*  I  feel  myself  in  a  manner  compelled  to  notice  this 
grave  objection,  in  the  first  place,  because  it  proceeds  from  men,  whose 
opinions  on  this  (or  almost  any  other  scientific  question)  are  entitled  to  the 
highest  deference;  and  secondly,  because  this  Association  must  bear  no  in- 
considerable measure  of  the  reproach,  if  it  be  well  founded. 

First,  then,  as  to  results,  I  am  free  to  admit  that  the  number  of  those 
engaged  ip  the  discussion  of  meteorological  observations  is  disproportionately 
small*  and  that  the  results  obtained  probably  fall  far  short  of  what  may  be 
expected  from  the  data  already  accumulated.  But  that  the  methods  have 
led,  and  can  lead,  to  no  results,  is,  I  think,  sufficiently  disproved  by  the 
labours  of  a  single  man— Professor  Dove  of  Berlin.  And  if  it  be  true  that 
the  course  pursued  in  the  soience  has  yielded  much  fruit,  in  proportion  to 
the  labour  bestowed  on  the  discussion,  it  will  hardly  be  deemed  widely 
erroneous.  Still,  as  it  is  possible  that  the  methods  pursued — though  not 
fruitless — may  be  inadequate,  it  seems  necessary  to  notice  the  objection 
somewhat  more  minutely. 

It  is  asserted,  then,  that  the  capital  vice  of  the  Science  of  Meteorology, 
as  at  present  pursued,  is  that  it  has  no  definite  aim ;  that  it  ought  to  embrace 
an  inquiry  into  the  physical  constitution  of  the  objects  with  which  the  science 
is  concerned,  and  an  investigation  of  causes  as  well  as  laws  of  phenomena. 

It  may  he  admitted,  at  once,  in  reference  to  this  objection,  that  the  phy- 
sical constitution  of  the  bodies  whose  changes  we  are  investigating  is  a  proper 
object  of  study  to  the  physicist ;  but  it  does  not  seem  to  follow  that  it  should 
necessarily  be  conducted  by  the  same  individuals  who  are  in  search  for  the 
laws  of  the  phenomena,  or  even  that  the  former  knowledge  is  essential  to  the 
progress  of  the  latter.  The  noblest  of  all  the  physical  sciences,  Astronomy, 
is  little  more  than  a  science  of  laws— laws,  too,  of  the  simplest  kind  of 
change;  and  the  knowledge  of  these  laws  is  wholly  independent  of  the  physi- 
cal constitution  of  the  masses  whose  movements  it  studies.  A  similar  obser- 
vation may  be  made  regarding  the  science  of  Terrestrial  Magnetism;  and 
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the  case  is  one  which  brings  us  still  nearer  to  the  question  at  issue,  inasmuch 
as  the  laws  which  have  been  obtained — and  they  are  numerous— have  resulted 
from  a  method  of  inquiry  altogether  similar  to  that  adopted  in  Meteorology. 
Time  will  not  permit  me  to  inquire  whether  there  is  not  a  misconception 
of  a  metaphysical  kind  at  the  root  of  this  objection.  I  may  observe,  how- 
ever, before  leaving  the  subject,  that  there  are  two  modes  of  studying  the 
sequences  of  natural  phenomena,-— one  iu  their  relation  to  time,  and  which  is 
best  accomplished  by  observations  at  stated  periods,  and  the  other  in  the 
relation  of  the  successive  phases  of  the  phenomenon  to  one  another.  Of  these, 
the  latter,  although  not  wholly  neglected,  has  not  been  so  much  followed  as 
it  deserves ;  and  I  cannot  but  think  that  it  would,  if  more  systematically 
followed,  enrich  the  science  of  Meteorology  with  a  new  harvest  of  results. 

The  most  important  of  the  recent  additions  to  the  theory  of  Light  have 
been  those  made  by  M.  Jamin.  It  has  been  long  known  that  metals  differed 
from  transparent  bodies,  in  their  action  on  light,  in  this,  that  plane-polarized 
light  reflected  from  their  surfaces  became  dlipticaUy  polarized ;  and  the 
phenomenon  is  explained,  on  the  principles  of  the  wave-theory,  by  the 
assumption  that  the  vibration  of  the  ether  undergoes  a  change  of  phase  at 
the  instant  of  reflexion,  the  amount  of  which  is  dependent  on  its  direction, 
and  on  the  angle  of  incidence.  This  supposed  distinction,  however,  was 
soon  found  not  to  be  absolute.  Mr.  Airy  showed  that  diamond  reflected 
light  in  a  manner  similar  to  metals ;  and  Mr.  Dale  and  Professor  Powell  ex- 
tended the  property  to  all  bodies  having  a  high  refractive  power.  But  it 
was  not  until  lately  that  M.  Jamin  proved  that  there  is  no  distinction,  in  this 
respect,  between  transparent  and  metallic  bodies ;  and  that  all  bodies  trans- 
form plane-polarized  into  elliptically-polarized  light,  and  impress  a  change 
of  phase  at  the  moment  of  reflexion.  Professor  Haughton  has  followed  up 
the  researches  of  M.  Jamin,  and  established  the  existence  of  circularly- 
polarized  light  by  reflexion  from  transparent  surfaces. 

The  theoretical  investigations  connected  with  this  subject  afford  a  re- 
markable illustration  of  one  of  those  impediments  to  the  progress  of  Natural 
Philosophy,  which  Bacon  has  put  in  the  foremost  place  among  his  examples 
of  the  Idola, — I  mean  the  tendency  of  the  human  mind  to  suppose  a  greater 
simplicity  and  uniformity  in  nature  than  exists  there.  The  phenomena  of 
polarization  compel  us  to  admit  that  the  sensible  luminous  vibrations  are 
transversal,  or  in  the  plane  of  the  wave  itself;  and  it  was  naturally  supposed 
by  Fresnel,  and  after  him  by  MacCullagh  and  Neumann,  either  that  no 
normal  vibrations  were  propagated,  or  that,  if  they  were,  they  were  uncon- 
nected with  the  phenomena  of  light.  We  now  learn  that  it  is  by  them  that 
the  phase  is  modified  in  the  act  of  reflexion ;  and  that,  consequently,  no 
dynamical  theory  which  neglects  them,  or  sets  them  aside,  can  be  complete. 

Attention  has  been  lately  recalled  to  a  fundamental  position  of  the  wave- 
theory  of  light,  respecting  which  opposite  assumptions  have  been  made. 
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The  vibrations  of  a  polarized  ray  are  all  parallel  to  a  fixed  direction  in  the 
plane  of  the  wave  ;  but  that  direction  may  be  either  parallel,  or  perpendi- 
cular to  the  plane  of  polarization.      In  the  original  theory  of  Fresnel  the 
latter  was  assumed  to  be  the  fact ;  and  in  this  assumption  Fresnel  has  been 
followed  by  Cauchy.    In  the  modified  theories  of  MacCullagh  and  Neumann, 
on  the  other  hand,  the  vibrations  are  supposed  to  be  parallel  to  the  plane  of 
polarization.    This  opposition  of  the  two  theories  was  compensated,  aa  re- 
spects the  results,  by  other  differences  in  their  hypothetical  principles  ;  and 
both  of  them  have  led  to  conclusions  which  observation  has  verified.    There 
seemed,  therefore,  to  be  no  means  left  to  the  theorist  to  decide  between  these 
conflicting  hypotheses,  until  Professor  Stokes,  recently,  in   applying   the 
dynamical  theory  of  light  to  other  classes  of  phenomena,  found  one  in  which 
the  effects  should  differ  on  the  two  assumptions.     When  light  is  transmitted 
through  a  fine  grating,  it  is  turned  aside,  or  diffracted,  according  to  laws 
which  the  wave- theory  has  explained.    Now  Professor  Stokes  has  shown 
that,  when  the  incident  light  is  polarized,  the  plane  of  vibration  of  the 
diffracted  ray  must  differ  from  that  of  the  incident,  the  two  planes  being 
connected  by  a  very  simple  relation.    It  only  remained,  therefore,  for  ob- 
servation to  determine  whether  the  planes  of  polarization  of  the  incident 
and  refracted  rays  were  similarly  related,  or  not.    The  experiment  was 
undertaken  by  Professor  Stokes  himself,  and  he  has  inferred  from  it  that  the 
original  hypothesis  of  Fresnel  is  the  true  one  ;  but,  as  an  opposite  result  has 
been  obtained  by  M.  Holtzmann,  on  repeating  the  experiment,  the  question 
must  be  regarded  as  still  undetermined.   The  difference  in  the  experimental 
results  is  ascribed  by  Professor  Stokes  to  the  difference  in  the  nature  of  the 
gratings  employed,  the  substance  of  the  diffracting  body  being  supposed  to 
exert  an  effect  upon  the  polarization  of  the  light,  which  is  diffracted  by  it 
under  a  great  obliquity.     I  learn  from  Professor  Stokes  that  he  proposes  to 
resume  the  experimental  inquiry,  and  to  test  this  supposition  by  employing 
gratings  of  various  substances.     If  the  conjecture  should  prove  to  be  well 
founded,  it  will,  unfortunately,  greatly  complicate  the  dynamical  theory  of 
light.      In  the  meantime  the  hypothesis  is  one  of  importance  in  itself,  and 
deserves  to  be  verified  or  disproved  by  independent  means.  I  would  venture 
to  suggest  that  it  may  be  effectively  tested  by  means  of  the  beautiful  Inter- 
ference-refractor  of  M.  Jamin,  which  the  inventor  has  already  applied  to 
study  the  effects  upon  light  produced  by  grazing  a  plate  of  any  soluble  sub- 
stance enclosed  in  a  fluid. 

It  is  well  known  that  the  refractive  index  of  bodies  increases  with  their 
density;  and  the  theory  of  emission  has  even  expressed  the  law  of  their 
mutual  dependence.  That  theory,  it  is  true,  is  now  completely  overthrown 
by  the  decisive  experimentum  cruris  of  MM.  Fizeau  and  Foucault.  It  was 
therefore  probable,  a  priori,  that  this  law — the  only  one  peculiar  to  the 
theory — would  be  found  wanting.  Its  truth  has  recently  been  put  to  an  ex- 
perimental test  by  M.  Jamin.  Water,  it  is  known,  has  its  maximum  of 
density  at  about  40°  of  Fahrenheit ;  so  that,  if  Newton's  law  were  true,  its 
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refractive  index  should  also  have  a  maximum  value  at  the  same  temperature. 
This  has  been  disproved  by  M.  Jamin,  by  observing  the  interference  of  two 
rays,  one  of  which  has  passed  through  air,  and  the  other  through  water; 
and  thus  the  last  conclusion  of  the  emission-theory  has  been  set  aside. 

It  would  occupy  too  much  of  your  time  were  I  to  touch,  even  lightly, 
upon  the  subject  of  the  chemical  action  of  light*  and  the  many  beautiful  and 
important  discoveries  of  the  art  to  which  it  has  given  rise.  I  may,  however, 
mention,  as  one  of  the  latest  of  the  marvels  of  photography,  that  M.  Poitevin 
has  succeeded  in  producing  plates  in  relief,  for  the  purposes  of  engraving,  by 
the  action  of  light  alone.  The  process  depends  upon  the  change  in  the 
affinity  for  water,  produced  by  the  action  of  light  upon  a  thin  plate  of 
gelatine,  which  is  impregnated  with  bichromate  of  potash. 

In  the  whole  range  of  experimental  science  there  is  no  fact  more  familiar, 
or  lopger  known,  than  the  development  of  Heat  by  friction.  The  most 
ignqrant  savage  is  acquainted  with  it, — it  was  probably  known  to  the  first 
generation  of  mankind.  Yet,  familiar  as  it  is,  the  science  of  which  it  is  the 
germ  dates  back  but  a  very  few  years. 

It  was  known  from  the  time  of  Black,  that  heat  disappeared  in  producing 
certain  changes  of  state  in  bodies,  and  reappeared  when  the  order  of  those 
changes  was  reversed ;  and  that  the  amount  of  heat,  thus  converted,  bad  a 
given  relation  to  the  effect  produced.  In  one  of  these  changes,  namely 
evaporation,  a  definite  mechanical  force  is  developed,  which  is  again  absorbed 
when  the  vapour  is  restored  by  pressure  to  the  liquid  state.  It  was  therefore 
qpt  unnatural  to  conjecture,  that  in  all  cases  in  which  heat  is  developed  by 
mechanical  action,  or  vice  versd,  a  definite  relation  would  be  found  to  subsist 
between  the  amount  of  the  action,  and  that  of  the  heat  developed  or  absorbed. 

This  conjecture  was  put  to  the  test  of  experiment  by  Mayer  and  Joule, 
in  1 84%  and  was  verified  by  the  result.  It  was  found  that  heat  and  mechanical 
power  were  mutually  convertible  \  and  that  the  relation  between  them  was 
definite,  772  foot pounds  of  motive  power  being  equivalent  to  a  unit  of  heat, 
th?it  is,  to  the  amount  of  heat  requisite  to  raise  a  pound  of  water  through 
one  degree  of  Fahrenheit.  The  science  of  Thermo-dynamics,  based  upon 
this  fact,  and  upon  a  few  other  obvious  facts,  or  self-evident  principles,  has 
grown  up  in  the  hands  of  Clausius,  Thomson,  and  Rankine,  iuto  large  pro- 
portions, and  is  each  day  making  fresh  conquests  from  the  region  of  the 
unknown. 

Thus  far  the  science  of  Heat  is  made  to  rest  wholly  upon  the  facts  of  ex- 
periment, and  is  independent  of  any  hypothesis  respecting  the  molecular 
constitution  of  bodies.  The  dynamical  theory  of  heat,  however,  has  mate- 
rially aided  in  establishing  true  physical  conceptions  of  the  nature  of  heat. 
The  old  hypothesis  of  caloric,  as  a  separate  substance,  was  indeed  rendered 
improbable  by  the  experiments  of  Rum  ford  and  Davy,  and  by  the  reasonings 
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of  Young ;  but  it  continued  to  hold  its  ground,  and  is  interworen  into  the 
language  of  science.  It  is  now  clearly  shown  to  be  self-contradictory ;  and 
to  lead  to  the  result,  that  the  amount  of  heat  in  the  universe  may  be  indefi- 
nitely augmented.  On  the  other  hand,  the  identification  of  radiant  heat  with 
light,  and  the  establishment  of  the  wave-theory,  left  little  doubt  that  beat 
consisted  in  a  vibratory  movement  either  of  the  molecules  of  bodies,  or  of 
the  ether  within  them.  Still,  the  relation  of  heat  to  bodies,  and  the  phenomena 
of  conduction,  indicate  a  mechanism  of  a  more  complicated  kind  than  that  of 
light,  and  leave  ample  room  for  further  speculation. 

The  only  mechanical  hypothesis  (so  far  as  I  am  aware)  which  is  consistent 
with  the  present  state  of  our  knowledge  of  the  phenomena  of  heat,  is  the 
theory  of  molecular  vortices  of  Mr.  Rankine.  In  this  theory  all  bodies  are 
supposed  to  consist  of  atoms,  composed  of  nuclei  surrounded  with  elastic 
atmospheres.  The  radiation  of  light  and  heat  is  ascribed  to  the  transmission 
of  oscillations  of  the  nuclei ;  while  thermometric  heat  is  supposed  to  consist 
in  circulating  currents,  or  vortices,  amongst  the  particles  of  their  atmospheres, 
whereby  they  tend  to  recede  from  the  nuclei,  and  to  occupy  a  greater  space. 
From  this  hypothesis  Mr.  Rankine  has  deduced  all  the  laws  of  thermo- 
dynamics, by  the  application  of  known  mechanical  principles.  He  has  also, 
from  the  same  principles,  deduced  relations  (which  have  been  confirmed  by 
experiment)  between  the  pressure,  density,  and  absolute  temperature  of 
elastic  fluids,  and  between  the  pressure  and  temperature  of  ebullition  of 
liquids. 

The  dynamical  theory  of  heat  enables  us  to  frame  some  conjectures  to 
account  for  the  continuance  of  its  supply,  and  even  to  speculate  as  to  its 
source.  The  heat  of  the  Sun  is  dissipated  and  lost  by  radiation,  and  must 
be  progressively  diminished  unless  its  thermal  energy  be  supplied*  According 
to  the  measurements  of  M.  Pouillet,  the  quantity  of  heat  given  out  by  the 
Sun  in  a  year  is  equal  to  that  which  would  be  produced  by  the  combustion  of 
a  stratum  of  coal  seventeen  miles  in  thickness ;  and  if  the  Sun's  capacity  for 
heat  be  assumed  equal  to  that  of  water,  and  the  heat  be  supposed  to  be 
drawn  uniformly  from  its  entire  mass,  its  temperature  would  thereby  undergo 
a  diminution  of  2°*4  Fahr.  annually. 

On  the  other  hand,  there  is  a  vast  store  of  force  in  our  System  capable  of 
conversion  into  heat  If,  as  is  indicated  by  the  small  density  of  the  Sun, 
and  by  other  circumstances,  that  body  has  not  yet  reached  the  condition  of 
incompressibility,  we  have,  in  the  future  approximation  of  its  parts,  a  fund 
of  heat  probably  quite  large  enough  to  supply  the  wants  of  the  human 
family  to  the  end  of  its  sojourn  here.  It  has  been  calculated  that  an  amount 
of  condensation,  which  would  diminish  the  diameter  of  the  Sun  by  only  the 
ten-thousandth  part,  would  suffice  to  restore  the  heat  emitted  in  2000  years. 

Again,  on  our  own  Earth,  vis  viva  is  destroyed  by  friction  in  the  ebb  and 
flow  of  every  tide,  and  must  therefore  reappear  as  heat.  The  amount  of  this 
must  be  considerable,  and  should  not  be  overlooked  in  any  estimation  of  the 
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physical  changes  of  our  globe.  According  to  the  computations  of  Bessel, 
25,000  cubic  miles  of  water  flow,  in  every  six  hours,  from  one  quarter  of  the 
earth  to  another.  The  store  of  mechanical  force  is  thus  diminished,  and  the 
temperature  of  our  globe  augmented,  by  every  tide.  We  do  not  possess  the 
data  which  would  enable  us  to  calculate  the  magnitude  of  these  effects. 
All  that  we  know  with  certainty  is,  that  the  resultant  effect  of  all  the  thermal 
agencies  to  which  the  Earth  is  exposed,  has  undergone  no  perceptible  change 
within  the  historic  period.  We  owe  this  fine  deduction  to  Arago.  In  order 
that  the  date  palm  should  ripen  its  fruit,  the  mean  temperature  of  the  place 
must  exceed  70°  Fahr. ;  and,  on  the  other  band,  the  vine  cannot  be  cultivated 
successfully  when  the  temperature  is  72°  or  upwards.  Hence  the  mean 
temperature  of  any  place,  at  which  these  two  plants  flourished  and  bore  fruit, 
must  lie  between  these  narrow  limits,  t.  e.  could  not  differ  from  71°  Fahr.  by 
more  than  a  single  degree.  Now,  from  the  Bible  we  learn  that  both  plants 
were  simultaneously  cultivated  in  the  central  valleys  of  Palestine,  in  the  time 
of  Moses,  and  its  then  temperature  is  thus  definitively  determined.  It  is  the 
same  at  the  present  time ;  so  that  the  mean  temperature  of  this  portion  of 
the  globe  has  not  sensibly  altered  in  the  course  of  thirty-three  centuries. 

The  future  of  physical  science  seems  to  lie  in  the  path  upon  which  three 
of  our  ablest  British  physicists  have  so  boldly  entered,  and  in  which  they  have 
already  made  such  large  advances.  I  may  therefore  be  permitted  briefly  to 
touch  upon  the  successive  steps  in  this  lofty  generalization,  and  to  indicate 
the  goal  to  which  they  tend. 

It  has  been  long  known  that  many  of  the  forces  of  nature  are  related. 
Thus  heat  is  produced  by  mechanical  action,  when  that  is  applied  in  bringing 
the  atoms  of  bodies  nearer  by  compression,  or  when  it  is  expended  in  friction. 
Heat  is  developed  by  electricity,  when  the  free  passage  of  the  latter  is  impeded ; 
it  is  produced  whenever  light  is  absorbed ;  and  it  is  generated  by  chemical 
action.  A  like  interchangeability  probably  exists  among  all  the  other  forces 
of  nature,  although  in  many  the  relations  have  not  been  so  long  perceived. 
Thus  the  development  of  electricity  from  chemical  action  dates  from  the 
observations  of  Galvani ;  and  the  production  of  magnetism  by  electricity 
from  the  discovery  of  Oersted. 

The  next  great  step  was  to  perceive  that  the  relation  of  the  physical  forces 
was  mutual ;  and  that  of  any  two,  compared  together,  either  may  stand  to 
the  other  in  the  relation  of  cause. 

With  respect  to  heat  and  mechanical  force,  this  has  been  long  known. 
When  a  body  is  compressed  by  mechanical  force,  it  gives  out  heat ;  and,  on  the 
other  hand,  when  it  is  heated,  it  dilates,  and  evolves  power.  The  knowledge 
of  the  action  of  electricity,  in  dissolving  the  bonds  of  chemical  union,  followed 
closely  upon  that  of  the  inverse  phenomenon,  and  the  discovery  of  electro- 
magnetism  by  Oersted  was  soon  followed  by  that  of  magneto-electricUy  by 
Faraday.  With  reason,  therefore,  it  occurred  to  many  minds  that  the  relations 
of  any  two  of  the  forces  of  nature  were  mutual; — that  that  which  is  the  cause, 
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in  one  mode  of  interaction,  may  become  the  effect,  when  the  order  of  the 
phenomena  is  changed; — and  that  therefore!  in  the  words  of  Mr.  Grove,  one 
of  the  able  expounders  of  these  views,  while  they  are  "  correlative  "  or  reci- 
procally dependent,  "neither,  taken  abstractedly,  can  be  said  to  be  the 
essential  cause  of  the  others." 

But  a  further  step  remained  to  be  taken.  If  these  forces  were  not  only 
related,  but  mutually  related,  was  it  not  probable  that  the  relation  was  also  a 
definite  one?  Thus,  when  heat  is  developed  by  mechanical  action,  ought  we 
not  to  expect  a  certain  definite  proportion  to  subsist  between  the  interacting 
forces,  so  that  if  one  were  doubled  or  trebled  in  amount,  the  other  should 
undergo  a  proportionate  change?  This  anticipation,  it  has  been  already 
stated,  has  been  realized  by  Mayer  and  Joule.  The  discovery  of  the  mecha- 
nical equivalent  of  heat  has  been  rapidly  followed  by  that  of  <other  forces ; 
and  we  now  know  not  only  that  electricity,  magnetism,  and  chemical  action, 
in  given  quantities,  will  produce  each  a  definite  amount  of  mechanical  work, 
but  we  know  further — chiefly  through  the  labours  of  Mr.  Joule — what  that 
relation  is,  or,  in  other  words,  the  mechanical  equivalent  of  each  force. 

The  first  step  in  this  important  career  of  discovery — though  long  unper- 
ceived  in  its  relation  to  the  rest — was,  undoubtedly,  Faraday's  proof  of  the 
definite  chemical  effect  of  the  voltaic  current.  The  last  will  probably  be  to 
reduce  all  these  phenomena  to  modes  of  motion,  and  to  apply  to  them  the 
known  principles  of  dynamics,  in  such  a  way  as  not  only  to  express  the  laws 
of  each  kind  of  movement,  as  it  is  in  itself,  but  also  the  connexion  and  de- 
pendence of  the  different  classes  of  the  phenomena. 

A  bold  attempt  at  such  a  generalization  has  been  made  by  M.  Helmholtz. 
The  science  of  Thermo-dynamics  starts  from  the  principle,  that  perpetual 
motion  is  impossible,  or,  in  other  words,  that  we  cannot,  by  any  combination 
of  natural  bodies,  produce  force  out  of  nothing.  In  mechanical  force,  this 
principle  is  reducible  to  the  known  law  of  the  conservation  of  living  force; 
and  M.  Helmholtz  has  accordingly  endeavoured  to  show  that  this  law  is 
maintained  in  the  interaction  of  all  the  natural  forces ;  while,  at  the  same 
time,  the  assumption  of  its  truth  leads  to  some  new  consequences  in  physics, 
not  yet  experimentally  confirmed.  Expressed  in  its  most  general  form,  this 
principle  asserts  that  the  gain  of  vis  viva  during  the  motion  of  a  system,  is 
equal  to  the  force  consumed  in  producing  it;  from  which  it  follows,  that  the 
sum  of  the  vires  viva,  and  of  the  existing  forces,  is  constant.  This  principle 
M.  Helmholtz  denominates  the  conservation  of  force.  A  very  important 
consequence  of  its  establishment  must  be,  that  all  the  actions  of  nature  are 
due  to  attractive  and  repulsive  forces,  whose  intensity  is  a  function  of  the 
distance, — the  conservation  of  vis  viva  holding  only  for  such  forces. 

It  is  usually  stated,  in  mechanical  works,  that  there  is  a  loss  of  vis  viva  in 
the  collision  of  inelastic  bodies,  and  in  friction.  This  is  true  with  respect  to 
the  motion  of  masses,  which  forms  the  subject  of  mechanical  science  as  at 
present  limited ;  but  it  is  not  true  in  a  larger  sense.    In  these,  and  such  like 
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cases,  the  movement  of  masses  is  transformed  into  molecular  motion,  and  thtts 
reappears  as  heat,  electricity,  and  chemical  action  ;.and  the  amount  of  the 
transformed  action  definitely  corresponds  to  the  mechanical  force  which  was 
apparently  lost 

In  the  cases  just  considered,  mechanical  action  is  converted  into  molecular. 
Bat  molecular  actions  of  different  kinds  are  themselves  in  like  manner 
interchangeable.  Thus,  when  light  is  absorbed,  vis  viva  is  apparently  lost ; 
but — not  to  speak  of  phosphorescence,  in  which  the  light  absorbed,  or  a  portion 
of  it,  is  again  given  out — in  all  such  cases,  heat  and  chemical  action  are 
developed,  and  in  amount  corresponding  to  the  loss.  Hence  the  apparent 
exceptions  to  the  principle  are  in  reality  confirmations  of  it ;  and  we  learn 
that  the  quantity  of  force  in  nature  is  as  unchangeable  as  the  quantity  of 
matter. 

This,  however,  is  not  true  of  the  quantity  of  available  force.  It  follows 
from  Carnot's  law,  that  heat  can  be  converted  into  mechanical  work  only 
when  it  passes  from  a  warmer  to  a  colder  body.  But  the  radiation  and  con- 
duction by  which  this  is  effected,  tend  to  bring  about  an  equilibrium  of  tern- 
perature,  and  therefore  to  annihilate  mechanical  force :  and  the  same  destruc- 
tion of  energy  is  going  forward  in  the  other  processes  of  nature.  Thus,  it 
follows  from  the  law  of  Carnot,  as  Professor  Thomson  has  shown,  that  the 
universe  tends  to  a  state  of  eternal  rest ;  and  that  its  store  of  available  force 
must  be  at  length  exhausted, unless  replenished  by  a  new  act  of  Creative  Power. 

Mr.  Rankine  has  attempted,  in  another  method,  to  combine  the  physical 
sciences  into  one  system,  by  distinguishing  the  propertie*  which  the  various 
classes  of  physical  phenomena  possess  in  common,  and  by  taking  for  axioms 
propositions  which  comprehend  their  laws.  The  principles  thus  obtained  are 
applicable  to  all  physical  change ;  and  they  possess  all  the  certainty  of  the 
facts  from  which  they  are  derived  by  induction.  The  subject-matter  of  the 
science  so  constituted  is  energy,  or  the  capacity  to  effect  changes;  and  its 
fundamental  principles  are— 1st,  that  all  kinds  of  energy  and  work  are  homo- 
geneous, or,  in  other  words,  that  any  kind  of  energy  may  be  made  the  means 
of  performing  any  kind  of  work  ;  and  2nd,  that  the  total  energy  of  a  substance 
Cannot  be  altered  by  the  mutual  action  of  its  parts.  From  these  principles 
the  author  has  deduced  some  very  general  laws  of  the  transformation  of 
energy,  which  include  the  known  relations  of  physical  forces. 

I  have  occupied  your  time  so  largely  with  the  sciences  of  one  section,  that 
t  cannot  do  more  than  advert  to  one  or  two  topics  connected  with  the  others, 
which  have  struck  my  own  mind,  although,  from  my  limited  acquaintance 
with  the  subjects,  I  could  not  venture  to  say  that  they  are  absolutely  the 
most  deserving  of  notice. 

Among  the  most  remarkable  of  the  recent  discoveries  in  inorganic  che* 
mistry  are  those  of  MM.  Wohler  and  Deville,  relative  to  silicon  and  boron. 
Each  of  these  substances  is  now  proved  to  exist  in  three  very  different  states* 
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analogous  to  the  three  known  states  of  carbon,  to  which  they  are  thus  closely 
allied,  namely  charcoal,  graphite,  and  diamond.  The  last  of  these  states  is, 
of  course,  the  most  interesting.  Crystallized  boron  possesses  a  hardness, 
brightness,  and  refractive  power  comparable  to  those  of  diamond ;  it  barns 
in  chlorine,  without  residue,  and  under  circumstances  resembling  those  of 
the  combustion  of  diamond  in  oxygen ;  it  is  not  acted  on  by  any  of  the  acids, 
and  appears  to  be  the  least  alterable  or  all  the  simple  bodies.  I  have  been 
informed  that  its  powder  is  already  used  in  the  arts,  instead  of  diamond  dust; 
and  it  seems  not  improbable  that,  when  obtained  by  the  chemist  in  crystals 
of  larger  size,  it  may  rival  the  diamond  as  a  gem. 

The  science  of  Geology  appears,  of  late  years,  to  have  entered  upon  a  new 
phase  of  its  development, — one  characterized  by  a  stricter  reference  of  its 
speculative  views  to  the  principles  of  those  sciences  with  which  it  is  con- 
nected, and  upon  which  it  ought  to  be  based.  The  able  memoirs  of  Mr. 
Hopkins,  on  what  may  be  called  dynamical  geology,  afford  a  remarkable 
proof  of  this ;  and  we  have  another  instance  of  the  application  of  sound  phy- 
sical principles  to  this  science  in  the  explanations  which  have  been  recently 
offered  of  the  phenomena  of  slaty  cleavage.  A  Report  on  this  interesting 
subject  was  presented  to  the  Association  by  Professor  Phillips  at  its  last 
Meeting,  and  will  be  found  in  the  volume  just  published.  These  sounder 
views  originate,  I  believe,  with  himself  and  with  Mr.  Sharpe  \  but  they  have 
been  enlarged  and  confirmed  by  Mr.  Sorby,  Dr.  Tyndall,  and  Professor 
Haughton. 

We  have  an  interesting  proof  of  the  readiness  of  geologists  of  the  present 
day  to  submit  their  views  to  the  test  of  exact  observation,  in  the  measure- 
ments undertaken  by  Mr.  Horner  for  the  purpose  of  approximating  to  the 
age  of  the  sedimentary  deposits.  Of  the  geological  changes  still  in  opera* 
tion,  none  is  more  remarkable  than  the  formation  of  deltas  at  the  mouths  of 
great  rivers,  and  of  alluvial  land  by  their  overflow.  Of  changes  of  the  latter 
kind,  perhaps  the  most  remarkable  is  the  great  alluvial  deposit  formed  in  the 
valley  of  the  Mile  by  the  annual  inundations  of  that  river;  and  here  it  foN 
tunately  happens  that  history  comes  to  the  aid  of  the  geologist  These  sedi* 
mentary  deposits  have  accumulated  round  the  bases  of  monuments  of  known 
age,  and  we  are  therefore  at  once  furnished  with  a  ehronometrie  scale  by 
which  the  rate  of  their  formation  may  be  measured.  The  first  of  the  series 
of  measurements  undertaken  by  Mr.  Horner  was  made,  with  the  coopera- 
tion of  the  Egyptian  Government,  around  the  obelisk  of  Heliopolia,  a  monu- 
ment built,  according  to  Lepsius,  2300  years  b.c.  A  more  extensive  series 
of  researches  has  been  since  undertaken  in  the  district  of  Memphis ;  but 
Mr.  Horner  has  not  yet,  I  believe,  published  the  results. 

The  problems  now  to  be  solved  in  Palaeontology  are  clearly  defined  in  the 
enunciation  of  the  problem  recently  proposed  by  the  French  Academy  of 
Sciences  as  one  of  its  prise  questions,  via.  "  to  study  the  laws  of  distribution 
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of  organic  beings  in  the  different  sedimentary  rocks,  according  to  the  order 
of  their  superposition ;  to  discuss  the  question  of  their  appearance  or  disap- 
pearance, whether  simultaneous  or  successive ;  and  to  determine  the  nature 
of  the  relations  which  subsist  between  the  existing  organic  kingdom  and  its 
anterior  states."  The  prize  was  obtained  by  Professor  Bronn,  of  Heidelberg ; 
and  his  memoir,  of  which  I  have  only  seen  an  outline,  appears  to  be  cha- 
racterized by  views  at  once  sound  and  comprehensive.  The  leading  result 
seems  to  be,  that  the  genera  and  species  of  plants  and  animals,  which  geology 
proves  to  have  existed  successively  on  our  globe,  were  created  in  succession, 
in  adaptation  to  the  existing  state  of  their  abode,  and  not  transmuted  or 
modified,  as  the  theory  of  Lamarck  supposes,  by  the  physical  influences  which 
surrounded  them. 

I  must  now  pass  from  the  results  of  science  to  the  administrative  measures 
which  have  been  adopted  by  this  Association  for  its  advancement,  and  more 
especially  to  those  which  will  be  brought  under  your  consideration  at  the 
present  Meeting. 

One  of  the  modes  in  which  this  Association  most  effectively  promotes  the 
advancement  of  Science  is,  you  are  aware,  by  the  preparation  and  publication 
of  Reports  on  the  history,  and  actual  state,  of  its  several  branches.  With 
the  help  of  these,  original  investigators  may,  with  little  labour,  ascertain  all 
that  has  been  accomplished  in  each  department,  before  they  proceed  to  in- 
crease the  store ;  and  so  not  only  prepare  their  own  minds  for  their  task,  but 
also  avoid  the  waste  of  time  and  toil  which  has  been  too  often  incurred  in 
the  re-discovery  of  the  same  truths. 

To  further  the  same  objects,  it  was  proposed  by  Professor  Henry,  of 
Washington,  at  the  Glasgow  Meeting  of  the  Association,  that  a  Catalogue  of 
papers  occurring  in  the  Transactions  of  Scientific  Societies,  and  in  the 
Scientific  Journals,  should  be  prepared  by  the  Association,  the  Smithsonian 
Institution  undertaking  to  execute  that  part  of  the  work  which  related  to 
American  Science.  A  Committee,  consisting  of  Mr.  Cayley,  Mr.  Grant,  and 
Professor  Stokes,  was  appointed  to  consider  this  proposal,  and  their  Report 
was  submitted  to  the  Cheltenham  Meeting.  The  subject  has  since  been  under 
the  consideration  of  the  Council  of  the  Royal  Society ;  and  a  preliminary 
Report  has  been  drawn  up  by  a  sub-Committee  of  that  body,  which  will 
probably  be  brought  before  your  Committee  at  this  meeting* 

A  still  more  important  question  has  been,  for  some  years,  under  the  con- 
sideration of  this  Association  and  the  Royal  Society — the  question,  namely, 
whether  any  measures  could  be  adopted  by  the  Government,  or  Parliament, 
that  would  improve  the  position  of  Science  or  its  cultivators  in  this  country. 

The  Parliamentary  Committee  of  the  Association  have  taken  much  pains 
in  the  attempt  to  arrive  at  a  solution  of  this  large  and  complex  question. 
They  consulted,  in  the  first  instance,  several  of  the  most  eminent  scientific 
men  of  this  country  ;  and  in  their  first  Report,  presented  to  the  Meeting  of 
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the  Association  at  Glasgow,  they  have  analysed  the  replies  obtained,  and 
have  recommended  certain  general  measures  founded  thereon.  The  most 
important  of  these  recommendations  are  the  provision,  at  the  cost  of  the  nation, 
of  a  central  building  in  London,  in  which  the  principal  Scientific  Societies  of 
the  metropolis  may  be  located  together;  and  the  formation  of  a  Scientific 
Board,  to  have  the  control  and  expenditure  of  the  public  funds  allotted  to  the 
advancement  of  science.  This  Report  was  brought  under  the  consideration 
of  your  Committee  of  Recommendations  at  the  last  two  Meetings  of  the  Asso- 
ciation ;  and  the  opinions  of  the  members  of  the  General  Committee  have  been 
since  invited  in  reference  to  its  suggestions.  The  Council  of  the  Royal 
Society  have  likewise  deliberated  on  the  same  question,  and  have  passed 
certain  resolutions  on  the  subject,  which  accord  in  substance  with  the  con- 
clusions of  the  Parliamentary  Committee.  A  copy  of  these  resolutions 
was  forwarded  by  Lord  Wrottesley,  as  President  of  the  Society,  to  Lord 
Palmerston ;  and  motions  have  been  made  in  both  Houses  of  Parliament  for 
the  production  of  the  correspondence. 

The  first  of  the  objects  above  referred  to — namely,  the  juxtaposition  of 
the  Scientific  Societies  of  London  in  one  locality — has  been  since  accomplished 
by  the  grant  of  Burlington  House  for  the  use  of  the  Royal,  Linnaean,  and 
Chemical  Societies ;  and  the  result  affords  a  fresh  instance  of  the  readiness 
of  Her  Majesty's  Government  to  listen  to,  and  comply  with,  the  suggestions 
of  men  of  science,  when  deliberately  and  carefully  made.  I  cannot  but 
think  that  this  important  step  is  fraught  with  consequences  affecting  the 
promotion  of  science,  and  extending  far  beyond  the  external  and  obvious 
advantages,  which  it  ensures  to  the  Scientific  Societies  more  immediately 
benefited. 

Another  mode  in  which  this  Association  has  materially  aided  in  the 
advancement  of  science  is  through  the  instrumentality  of  its  Observatory  at 
Kew.  The  objects  which  are  at  present  attained  by  that  important  establish- 
ment are,  the  trial  and  improvement  of  instrumental  methods,  and  especially 
of  those  connected  with  the  photographic  registration  of  natural  phenomena; 
the  verification  of  meteorological  instruments,  and  the  construction  of  stand- 
ard barometers  and  thermometers;  the  supervision  of  apparatus  to  be 
employed  by  scientific  travellers,  and  the  instruction  of  the  observers  in  their 
use;  and  lastly,  the  conduct  of  special  experimental  researches,  undertaken  by 
members  of  the  Association  at  its  request.  In  all  these  various  ways,  the 
labours  of  the  Kew  Observatory  have  tended,  in  no  small  degree,  to  the 
advancement  of  the  sciences  of  Observation  and  Experiment  in  this  country ; 
and  the  result  is  due,  not  only  to  the  sagacity  of  the  Committee  under  whose 
management  it  is  placed,  but  also,  and  eminently,  to  the  zeal  and  talents  of 
Mr.  Welsh,  and  the  gentleman  who  has  the  immediate  charge  of  the  esta- 
blishment 

There  is  but  one  other  topic  connected  with  the  administration  of  the 
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Association  to  which  I  feel  it  necessary  to  invite  your  attention  before  I  con- 
clude,— I  mean  the  change  which  has  been  made  in  the  constitution  of  one 
of  the  Sections,  and  which  will  come  into  operation  at  the  present  Meeting* 
By  a  resolution  of  your  Committee,  adopted  at  the  last  Meeting,  the  scope 
of  the  "  Statistical  Section  "  has  been  enlarged,  and  it  now  embraces  Econo- 
mic Science  in  all  its  relations.  I  regard  it  as  a  fortunate  circumstance  for 
the  Association,  that  this  important  change  will  come  into  operation  under 
the  Presidency  of  the  distinguished  prelate,  whose  talents  have  been  so  long 
devoted  to  the  advancement  of  this  science,  and  to  whose  munificence  we 
owe  the  formation  of  a  shool  of  Political  Economy  in  the  University  of 
Dublin,  which  has  already  attained  a  high  measure  of  celebrity.  The 
Section  will  have  the  aid,  on  this  occasion,  of  more  than  one  of  those  gentlemen 
who  have  filled  the  Chair  of  the  Wbately  Professorship,  as  well  as  of  other 
members  of  the  Statistical  Society  of  Dublin ;  and  its  proceedings  will  receive 
the  countenance  and  support  of  many  foreigners  who  have  devoted  them* 
selves  to  the  cultivation  of  Economic  Science. 

Gentlemen,  suffer  me  now  to  thank  you  for  the  indulgent  attention  with 
which  you  have  favoured  me.  I  am  conscious  that  the  sketch  of  the  recent 
progress  of  the  Physical  Sciences,  which  I  have  endeavoured  to  present,  is 
but  a  meagre  and  imperfect  summary  of  what  has  been  accomplished ;  but 
it  is  enough,  at  all  events,  to  prove  that  Science  is  not  on  the  decline,  and 
that  its  cultivators  have  not  been  negligent  in  their  high  calling.  I  now  beg, 
in  the  name  of  the  Local  Members  of  this  body,  to  welcome  you  warmly  to 
this  city ;  and  I  pray  that  your  labours  here  may  redound  to  the  glory  of 
God,  and  to  the  welfare  and  happiness  of  your  fellow-men. 
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Report  on  the  Recent  Progress  of  Theoretical  Dynamics. 
By  A.  Catlbt. 

Ths  object  of  the  *  Mecaniqoe  Analytique'  of  Lagrange  is  described  by  the 
author  in  the  •  Avertissement'  to  the  first  edition  as  follows : — "  On  a  dejft 
plusieurs  traite*  de  m6canique,  mais  le  plan  de  celui-ci  est  entidrement  neuf. 
Je  me  suia  propose  de  f  6duire  la  thGorie  de  cette  science  et  Tart  de  r&oudre 
tons  lea  probl&mes  qui  s*y  rapportent  &  des  formules  g6n6rales  dont  le  simple 
d6veloppement  donne  toutes  les  Equations  necessaires  pour  la  solution  de 
chaque  probl&me."  And  the  intention  is  carried  out ;  the  principle  of  virtual 
velocities  furnishes  the  general  formula  for  the  solution  of  statical  problems, 
and  D'Alembert'a  principle  then  leads  to  the  general  formulae  for  the  solu- 
tion of  dynamical  problems.  The  general  theory  of  statics  would  seem  to 
admit  of  leas  ulterior  development ;  but  as  regards  dynamics,  the  formulae 
of  the  first  edition  of  the  '  M6canique  Analytique'  have  been  the  foundation 
of  a  series  of  profound  and  interesting  researches  constituting  the  science  of 
analytical  dynamics.  The  present  report  is  designed  to  give,  so  far  as  I  am 
able,  a  survey  of  these  researches ;  there  will  be  found  at  the  end  a  list,  in 
chronological  order,  of  the  works  and  memoirs  referred  to,  and  I  shall  in  the 
course  of  the  report  preserve  as  far  as  possible  the  like  chronological  order. 
It  ia  proper  to  remark  that  I  confine  myself  to  the  general  theories  of  dyna- 
mics. There  are  various  special  problems  of  great  generality,  and  susceptible 
of  the  most  varied  and  extensive  developments,  such  for  instance  as  the 
problem  of  the  motion  of  a  single  particle  (which  includes  as  particular 
cases  the  problem  of  central  forces,  that  of  two  fixed  centres,  and  that  of  the 
motion  of  a  conical  pendulum,  either  with  or  without  regard  to  the  motion 
of  the  earth  round  its  axis),  the  problem  of  three  bodies,  and  the  problem 
of  the  rotation  of  a  solid  body  about  a  fixed  point.  But  a  detailed  account 
of  the  researches  of  geometers  in  relation  to  these  special  problems  would 
properly  form  the  subject  of  a  separate  report,  and  it  is  not  my  intention  to 
enter  upon  them  otherwise  than  incidentally,  so  far  as  it  may  appear  desir- 
able to  do  so.  One  problem,  however,  included  in  the  first  of  the  above- 
mentioned  special  problems,  I  shall  have  frequent  occasion  to  allude  to :  I 
mean  the  problem  of  the  variation  of  the  elements  of  a  planet's  orbit,  which 
has  a  close  historical  connexion  with  the  general  theories  which  form  the 
subject  of  this  report.  The  so-called  ideal  coordinates  of  Hansen,  and  the 
principles  of  his  method  of  integration  in  the  planetary  and  lunar  theories, 
have  a  bearing  on  the  general  subject,  and  might  have  been  considered  in 
the  present  report ;  but  on  the  whole  I  have  considered  it  better  not  to  do  so. 

1*  Lagrange, '  MScanique  Analytique,'  1788. — The  equations  of  motion 
are  obtained,  as  before  mentioned,  by  means  of  the  principle  of  virtual  velo- 
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cities  and  D'Alembert's  principle.  In  their  original  forms  they  involve  the 
coordinates  x>yyz  of  the  different  particles  m  or  dm  of  the  system,  quan- 
tities which  in  general  are  not  independent.  But  Lagrange  introduces,  in 
place  of  the  coordinates  x,ytz  of  the  different  particles,  any  variables  or 
(using  the  term  in  a  general  sense)  coordinates  f ,  \f/t  0, . . .  whatever,  deter- 
mining the  position  of  the  system  at  the  time  t:  these  may  be  taken  to  be  in- 
dependent, and  then  if  £',  i//,  <p!, . .  denote  as  usual  the  differential  coefficients  of 
£>  *P><t>f  with  respect  to  the  time,  the  equations  of  motion  assume  the  form 

or  when  S9  ¥,*,..  are  the  partial  differential  coefficients  with  respect  to 
it  ^7  <p>  •  •  •  of  one  and  the  same  function  V,  then  the  form 

dtdi    dV  di 

• 

In  these  equations,  T,  or  the  vis  viva  function,  is  the  vis  viva  of  the  system 
or  sum  of  all  the  elements,  each  into  the  half  square  of  its  velocity,  expressed 
by  means  of  the  coordinates  J,  *//,  <p, . . ;  and  (when  such  function  exists)  V, 
or  the  force  function*,  is  a  function  depending  on  the  impressed  forces  and 
expressed  in  like  manner  by  means  of  the  coordinates  £,  i//,  <p , . . ;  the  two 
functions  T  and  V  are  given  functions,  by  means  of  which  the  equations  of 
motion  for  the  particular  problem  in  hand  are  completely  expressed.  In 
any  dynamical  problem  whatever,  the  vis  viva  function  T  is  a  given  function 
of  the  coordinates  £,\//, #,...,  of  their  differential  coefficients  £',^,^f, ... 
and  of  the  time  t;  and  it  is  of  the  second  order  in  regard  to  the  differential 
coefficients  f ,  \pf,  o>\ . . . ;  and  (when  such  function  exists)  the  force  function 
V  is  a  given  function  of  the  coordinates  £,  t/>,  0, ..  and  of  the  time  L  This 
is  the  most  general  form  of  the  functions  T,  V,  as  they  occur  in  dynamical 
problems,  but  in  an  extensive  class  of  such  problems  the  forms  are  less 
general,  viz.  T  and  V  are  each  of  them  independent  of  the  time,  and  T  is  a 
homogeneous  function  of  the  second  order  in  regard  to  the  differential 
coefficients  £',  \fJ,  e/, . . ;  the  equations  of  motion  have  in  this  case  an  integral 
T  + V=A,  which  is  the  equation  of  vis  vivat  and  the  problems  are  distin- 
guished as  those  in  which  the  principle  of  vis  viva  holds  good.  It  is  to  be 
noticed  also  that  in  this  case  since  t  does  not  enter  into  the  differential  equa- 
tions, the  integral  equations  will  contain  t  in  the  form  t+c,  that  is,  in  con- 
nexion with  an  arbitrary  constant  c  attached  to  it  by  addition. 

2.  The  above-mentioned  form  is  par  excellence  the  Lagrangian  form  of  the 
equations  of  motion,  and  the  one  which  has  given  rise  to  almost  all  the  ulte- 
rior developments  of  the  theory  ;  but  it  is  proper  just  to  refer  to  the  form 
in  which  the  equations  are  in  the  first  instance  obtained,  and  which  may  be 
called  the  unreduced  form,  viz.  the  equations  for  the  motion  of  a  particle 
whose  rectangular  coordinates  are  «r,y,  *,  are 

^-X+Xfc  +  ^+" 

where  L=0,  M=0, ...  are  the  equations  of  condition  connecting  the 
coordinates  of  the  different  points  of  the  system,  and  X,  /4, . .  are  indeter- 
minate multipliers. 

*  The  sign  attributed  to  V  is  that  of  the '  Mlcanique  Analytique,'  but  it  would  be  better 
to  write  V= -U,  and  to  call  U  (instead  of  V)  the  force  function. 
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S.  The  idea  of  a  force  function  seems  to  have  originated  in  the  problems 
of  physical  astronomy.  Lagrange,  in  a  memoir  '  On  the  Secular  Equation 
of  the  Moon/  crowned  by  the  French  Academy  of  Sciences  in  the  year 
1774-,  expressed  the  attractive  forces,  decomposed  in  the  directions  of  the 
axes  of  coordinates,  by  the  partial  differential  coefficients  of  one  and  the  same 
function  with  respect*  to  these  coordinates.  And  it  was  in  these  problems 
natural  to  distinguish  the  forces  into  principal  and  disturbing  forces,  and 
thence  to  separate  the  force  function  into  two  parts,  a  principal  force  function 
and  a  disturbing  function.  The  problems  of  physical  astronomy  led  also  to 
the  idea  of  the  variation  of  the  arbitrary  constants  of  a  mechanical  problem. 
For  as  a  fact  of  observation  the  planets  move  in  ellipses  the  elements  o 
which  are  slowly  varying ;  the  motion  in  a  fixed  ellipse  was  accounted  for 
by  the  principal  force,  the  attraction  of  the  sun ;  the  effect  of  the  disturbing 
force  is  to  produce  a  continual  variation  of  the  elements  of  such  elliptic 
orbit.  Euler,  in  a  memoir  published  in  1749  in  the  '  Memoirs  of  the  Academy 
of  Berlin'  for  that  year,  obtained  differential  equations  of  the  first  order  for 
two  of  the  elements,  viz.  the  inclination  and  the  longitude  of  the  node,  by 
making  the  arbitrary  constants  which  express  these  elements  in  the  fixed 
orbit  to  vary  :  this  seems  to  be  the  first  attempt  at  the  method  of  the  varia- 
tion of  the  arbitrary  constants.  Euler  afterwards  treated  the  subject  in  a 
more  complete  manner,  and  the  method  is  also  made  use  of  by  Lagrange  in 
his  '  Memoir  on  the  Perturbations  of  the  Planets'  in  the  Berlin  Memoirs  for 
1781,  178%  1788,  and  by  Laplace  in  the  'Mecanique  Celeste,'  t,  i.  1799. 
The  method  in  its  original  form  seeks  for  the  expressions  of  the  variations 
of  the  elements  in  terms  of  the  differential  coefficients  of  the  disturbing 
function  with  respect  to  the  coordinates.  As  regards  one  element,  the  longi- 
tude of  the  epoch,  such  expression  (at  least  in  a  finite  form)  was  first  ob- 
tained by  Poisson  ih  his  memoir  of  1808,  to  be  spoken  of  presently ;  but  I 
am  not  able  to  refer  to  any  place  where  such  expressions  in  their  best  form 
are  even  now  to  be  found ;  the  question  seems  to  have  been  unduly  passed 
over  in  consequence  of  the  new  form  immediately  afterwards  assumed  by  the 
method.  It  was  very  early  observed  that  the  variation  of  one  of  the  ele- 
ments, viz.  the  mean  distance,  was  expressible  in  a  remarkable  form  by 
means  of  the  differential  coefficients  of  the  disturbing  function  taken  with 
respect  to  the  time  t,  in  so  far  as  it  entered  into  the  function  through  the  co- 
ordinates of  the  disturbed  planet.  I  am  not  able  to  say  at  what  time,  or 
•  whether  by  Euler,  Lagrange,  or  Laplace,  it  was  observed  that  such  diffe- 
rential coefficient  with  respect  to  the  time  was  equivalent  to  the  differential 
coefficient  of  the  disturbing  function  with  respect  to  one  of  the  elements. 
But  however  this  may  be,  the  notion  of  the  representation  of  the  variations 
of  the  elements  by  means  of  the  differential  coefficients  of  the  disturbing 
function  with  respect  to  the  elements  had  presented  itself  d  posteriori,  and  was 
made  use  of  in  an  irregular  manner  prior  to  the  year  1800,  and  therefore 
some  eight  years  at  any  rate  before  the  establishment  by  Lagrange  of  the 
general  theory  to  which  these  forms  belong. 

4.  Poisson's  memoir  of  the  20th  of  June,  1808,  'On  the  Secular  In- 
equalities of  the  Mean  Motion  of  the  Planets,'  was  presented  by  him  to  the 
Academy  at  the  age  of  twenty-seven  years.  It  contains,  as  already  re- 
marked, an  expression  in  finite  terms  for  the  variation  of  the  longitude  of 
the  epoch.  But  the  memoir  is  to  be  considered  rather  as  an  application  of 
known  methods  to  an  important  problem  of  physical  astronomy,  than  as  a 
completion  or  extension  of  the  theory  of  the  variation  of  the  planetary 
elements.  The  formulas  made  use  of  are  those  involving,  the  differential 
coefficients  of  the  disturbing  function  with  respect  to  the  coordinates ;  and 
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there  is  nothing  which  can  be  considered  an  anticipation  of  Lagrange's 
idea  of  the  investigation,  a  priori,  of  expressions  involving  the  differential 
coefficients  with  respect  to  the  elements.  But  as  well  for  its  own  sake  as 
historically,  the  memoir  is  a  very  important  one.  Lagrange,  in  his  memoir 
of  the  17th  of  August,  1808,  speaks  of  it  as  having  recalled  his  attention  to 
a  subject  with  which  he  had  previously  occupied  himself,  but  which  he  had 
quite  lost  sight  of;  and  Arago  records  that,  on  the  death  of  Lagrange,  a 
copy  in  his  own  handwriting  of  Poisson's  memoir  was  found  among  his 
papers ;  and  the  memoir  is  referred  to  in,  and  was  probably  the  occasion  of, 
Laplace's  memoir  also  of  the  17th  of  August,  1808. 

5.  With  respect  to  Laplace's  memoir  of  the  17th  of  August,  1808,  it  will 
be  sufficient  to  quote  a  sentence  from  the  introduction  to  Lagrange's  me- 
moir : — "  Ayant  montre*  &  M.  Laplace  mes  formules  et  mon  analyse,  il  me 
montra  de  son  cdte*  en  m&me  temps  des  formules  analogues  qui  donnent 
les  variations  des  6l6mens  elliptiques  par  les  differences  partielles  d'une 
meme  fonction,  relatives  &  ces  616mens.  J'ignore  comment  il  y  est  par- 
venu ;  mais  je  presume  qu'il  les  a  trouv6es  par  une  combinaison  adroite  des 
formules  qu'il  avait  donne*  dans  la  '  M  6canique  C61este.'M  This  is,  in  fact, 
the  character  of  Laplace's  analysis  for  the  demonstration  of  the  formulae. 

6.  In  Lagrange's  memoir  of  the  17th  of  August,  1808,  'On  the  Theory 
of  the  Variations  of  the  Elements  of  the  Planets,  and  in  particular  on  the 
Variations  of  the  Major  Axes  of  their  Orbits,'  the  question  treated  of  ap- 
pears from  the  title.  The  author  obtains  formulae  for  the  variations  of  the 
elements  of  the  orbit  of  a  planet  in  terms  of  the  differential  coefficients  of 
the  disturbing  function  with  respect  to  the  elements ;  but  the  method  is  a 
general  one,  quite  independent  of  the  particular  form  of  the  integrals,  and 
fiie  memoir  may  be  considered  as  the  foundation  of  the  general  theory. 
The  equations  of  motion  are  considered  under  the  form, — 


<Px 

i+t»     da 

de 

T»      *       <&* 

*y 

1+m      da 

ae 

i*  y   V 

<Px 

i+»,    da 

de 

t*  z    W 

and  it  is  assumed  that  the  terms  in  O  being  neglected,  the  problem  is  com- 
pletely solved,  viz.,  that  the  three  coordinates,  #,y,z,  and  their  differential 
coefficients,  ar',  yf,  z\  are  each  of  them  given  as  functions  of  ?,  and  of  the 
constants  of  integration  a,  b,  ctf>  g,  h ;  the  disturbing  function  O  is  conse- 
quently also  given  as  a  function  of  I,  and  of  the  arbitrary  constants.  The 
velocities  are  assumed  to  be  the  same  as  in  the  undisturbed  orbit.  This 
gives  the  conditions 

&r=0,  fy=0,  %z»0; 
and  then  the  equations  of  motion  give 

j&^cflQ  A^db  ><fe_dQ 

de      dx     dt     dy     dt** dz 

equations  in  which  !x,  &c  denote  the  variations  of  x9  &c,  arising  from  the 

variations  of  the  arbitrary  constants,  viz.,  2a?=^3a+~36+,  Ac    The 

da        do 

differential  coefficients  — ,  &c,  can  of  course  be  expressed  by  means  of 
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— ,  &c. ;  and,  by  a  simple  combination  of  the  several  equations,  Lagrange 
deduces  expressions  for  — ,  &c,  in  terms  of  -^,  Ac. ;  viz. — 

in  which,  for  shortness, 

*&£>  stands  for  *^*£* 
d(cr,  b )  dadb     da  ab 

The  form  of  the  expressions  shows  at  once  that  (a, 3)=— (6, a),  so  that 
the  number  of  the  symbols  (a,  6)  is  in  fact  fifteen. 

Lagrange  proceeds  to  show,  that  the  differential  coefficient  with  respect 
to  t  of  the  expression  represented  by  the  symbol  (a,  b)  vanishes  identically ; 
and  it  follows,  that  the  coefficients  (a9  b)  are  functions  of  the  elements  only, 
without  the  time  t. 

The  general  formulas  are  applied  to  the  problem  in  hand  ;  and,  in  con- 
sequence of  the  vanishing  of  several  of  the  coefficients  (a,  b)t  it  is  easy  in 

the  particular  problem  to  pass  from  the  expressions  for  -?—,  &c*  in  terms  of 

da 

^  &c  to  those  for  — ,  &c  in  terms  of  — ,  &c.  The  author  thus  obtains 
at  at  aa 

an  elegant  system  of  formulae  for  the  variations  of  the  elements  of  a  planef  s 

orbit,  in  terms  of  the  differential  coefficients  of  the  disturbing  function  with 

respect  to  the  elements ;  but  it  is  not  for  the  present  purpose  necessary  to 

consider  the  form  of  the  system,  or  the  astronomical  consequences  deduced 

by  means  of  it 

7.  Lagrange's  memoir  of  the  13th  of  March,  1809,  '  On  the  General 

Theory  of  the  Variation  of  the  Arbitrary  Constants  in  all  the  Problems  of 

Mechanics.' — The  method  of  the  preceding  memoir  is  here  applied  to  the 

general  problem ;  the  equations  of  motion  are  considered  under  the  form 

ddT_dT    dV_dQ 

dtdP    dr      dr     dr 

where  T  and  V  are  of  the  degree  of  generality  considered  in  the  '  M6- 
canique  Analytique,'  viz.,  T  is  a  function  of  r,  *..  r',  *',..  homogeneous  of 
the  second  order  as  regards  the  differential  coefficients  i**,  **,..,  and  V  is 
a  function  of  r,  *, . .  only ;  or,  rather,  the  equations  are  considered  in  a  form 
obtained  from  the  above,  by  writing  T— V=R,  viz.,  in  the  form 

d  dR^dR^dto 

dtdr1      dr     dr9 

and,  as  in  the  preceding  memoir,  expressions  are  investigated  for  the  dif- 
ferential coefficients  -£-,  &c,  in  terms  of  -tl  &c:  these  are,  as  before,  of  the 

•  Thete  axe  substantially  the  formulae  of  Lagrange ;  but  I  have  introduced  here  and 
elsewhere  the  very  convenient  abbreviation,  due,  I  think,  to  Prof.  Donkin,  of  the  symbols 

aHTT 
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where  (a,  b%  &e^  are  in  the  body  of  the  memoir  obtained  under  a  some- 
what complicated  form,  and  this  complicates  also  the  demonstration  which 
is  there  given  of  the  theorem,  that  (a,  o),  &c  are  functions  of  the  dements 
only,  wit/soui  the  time  t ;  bot  in  the  addition  (poblished  as  part  of  the  me- 
moir, and  without  a  separate  date)  and  in  the  supplement  the  investigation 
is  simplified,  and  the  true  form  of  the  functions  (a,  b)  obtained,  viz^  writing 

if,  for  shortness, 


5{M)    dadb    dadb'      ' 
The  representation  of  -=-f  —*  &c  by  single  letters  is  made  by  Lagrange 

in  the  addition,  No.  36  (Lagrange  writes  ^=T#,  ^=Trf,  Ac-),  but  quite 

incidentally  in  that  number  only,  for  the  sake  of  the  formula  just  stated:  I 
have  noticed  this,  as  the  step  is  an  important  one. 

8.  It  is  proper  to  remark  that,  in  order  to  prove  that  the  expressions 
(a,  b)  &&,  are  independent  of  the  time,  Lagrange,  instead  of  considering 
the  differential  coefficients  of  each  of  these  functions  separately,  establishes 
a  general  equation  (see  No*.  25,  54,  55  of  the  Addition,  and  also  the  Sup- 
plement) 

where,  if  Aa,  A£,..  denote  any  arbitrary  increments  whatever  of  the  con- 
stants of  integration  a,  6, . .  then  Ar,  Jta,  are  the  corresponding  increments 
of  the  coordinates  r,  Arc;  this  is,  in  fact,  a  grouping  together  of  several 
distinct  equations  by  means  of  arbitrary  multipliers,  and  it  is  extremely 
elegant  as  a  method  of  demonstration,  and  has  been  employed  as  well  by 
Lagrange,  here  and  elsewhere,  as  by  others  who  have  written  on  the 
subject ;  but  I  think  the  meaning  of  the  formulae  is  best  seen  when  the 
component  equations  of  the  group  are  separately  exhibited,  and  in  the 
citation  of  formulae  I  have  therefore  usually  followed  this  course.  Lagrange 
gives  also  an  equation  which  is  in  fact  a  condensed  form  of  the  preceding 

da 

expression  for  -r-,  but  which  it  is  proper  to  mention,  viz. : — 

te"-da*d?+-''-*rdad?~-'- 

In  fact,  in  the  formula  8  ™  stands  for  ( ±  ^  ^+4  ^  ^+  ..>,  and 
dr  \da  dr  at     db  dr  dt         J 

*r  *°r  (s£  di  +  <5  S+  J  ;  "^  on  8UD8titutm8  tnese  values,  the  identity 
of  the  two  expressions  is  seen  without  difficulty. 

9.  Lagrange  remarks,  that  in  the  case  where  the  condition  of  vis  viva 
holds  good,  then  if  a  be  the  constant  of  vis  viva  (T-f  v=a),  and  c  the 

constant  attached  by  addition  to  the  time,  then  -7-=^-,  which,  he  observes, 

at     ac 
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is  an  equation  remarkable  as  well  from  its  simplicity  and  generality  as 
because  it  can  be  obtained  d  priori,  independently  of  the  variations  of  the 
other  arbitrary  constants :  this  is  obviously  the  generalisation  of  the  expres- 
sion for  the  variation  of  the  mean  distance  of  a  planet. 

10.  The  consideration  of  Lagrange's  function  (a,  b)  originated,  as  appears 
from  what  has  preceded,  in  the  theory  of  the  variation  of  the  elements ;  but 
it  is  to  be  noticed,  that  the  function  (a,  b)  is  altogether  independent  of  the 
disturbing  function,  and  the  fundamental  theorem  that  (a,b)  is  a  function 
of  the  elements  only,  without  the  time,  is  a  property  of  the  undisturbed 
equations  of  motion.  The  like  remark  applies  to  Poisson's  function  (a,  b), 
in  the  memoir  next  spoken  of. 

11.  Poisson's  memoir  of  the  16th  of  October,  1809.  The  formulas  of 
this  memoir  are,  so  to  speak,  the  reciprocals  of  those  of  Lagrange.    The 

relations  between  the  differential  coefficients  — ,  &c,  of  the  disturbing  func- 
tion and  the  variations  — ,  &c,  of  the  elements,  depend  with  Lagrange, 

upon  expressions  for  the  coordinates  and  their  differential  coefficients  in 
terms  of  the  time  and  the  elements ;  with  Poisson,  on  expressions  for  the 
elements  in  terms  of  the  time,  and  of  the  coordinates  and  their  differential 
coefficients.  The  distinction  is  far  more  important  than  would  at  first 
sight  appear,  and  the  theory  of  Poisson  gives  rise  to  developments  which 
seem  to  have  nothing  corresponding  to  them  in  the  theory  of  Lagrange* 
The  reason  is  as  follows :  when  the  system  of  differential  equations  is  com- 
pletely integrated,  it  is  of  course  the  same  thing  whether  we  have  the 
integral  equations  in  the  form  made  use  of  by  Lagrange,  or  in  that  by 
Poisson,  the  two  systems  are  precisely  equivalent  the  one  to  the  other ;  but 
when  the  equations  are  not  completely  integrated,  suppose,  for  instance,  we 
have  an  expression  for  one  of  the  coordinates  in  terms  of  the  time  and  the 
elements,  it  is  impossible  to  judge  whether  this  is  or  is  not  one  of  the  inte- 
gral equations ;  the  differential  equations  are  not  satisfied  by  means  of  this 
equation  alone,  but  only  by  this  equation  with  the  assistance  of  the  other 
integral  equations.  On  the  other  hand,  when  we  have  an  expression  for 
-one  of  the  constants  of  integration  in  terms  of  the  time,  and  of  the  co- 
ordinates and  their  differential  coefficients,  it  is  possible,  by  mere  substi- 
tution in  the  differential  equations,  and  without  the  knowledge  of  any  other 
integral  equations,  to  see  that  the  differential  equations  are  satisfied,  and 
that  the  assumed  expression  is,  in  fact,  one  of  the  system  of  integral 

Suations.  An  expression  of  the  form  just  referred  to,  viz.,  <?=£  (i,ar,y, .. 
-V  •  ••)>  where  the  right-hand  side  does  not  contain  any  of  the  arbitrary 
constants,  may,  with  great  propriety,  be  termed  an  "  integral,"  as  distin- 
guished from  an  integral  equation,  in  which  the  constants  and  variables 
may  enter  in  any  conceivable  manner ;  it  is  convenient  also  to  speak  of  such 
equsition  simply  as  the  integral  c. 

12.  Returning  now  to  the  consideration  of  Poisson's  memoir,  the  equa- 
tions of  motion  are  considered  under  the  same  form  as  by  Lagrange,  viz^ 
putting  T— V=R  under  the  form 

ddR  ^db-dn. 

dt  d<f>     d$      d<p  v 
but  Poisson  writes 

df~h" 
thai,  in  effect,  introducing  a  new  aet  of  variable*  *, . .  equal  in  number  to 
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the  coordinates  f,  • .  *  bot  he  does  not  complete  the  transformation  of  the 
differential  equations  by  the  introduction  therein  of  the  new  variables  *, . .  • 
in  the  place  of  the  differential  coefficients  f',..;  this  very  important  trans- 
formation was  only  effected  a  considerable  time  afterwards  by  Sir  W.  R. 
Hamilton.  Poisson  then  assumes  that  the  undisturbed  equations  are  in- 
tegrated in  the  form  above  adverted  to,  viz.,  that  the  several  elements  a,b.. 
are  given  as  functions  of  the  time  *,  and  of  the  coordinates  ^,  &c,  and  their 
differential  coefficients  ^',  &c,  or  what  is  the  form  ultimately  assumed,  as 
functions  of  the  time  t>  of  the  coordinates  <j>, . .,  and  of  the  new  varia- 
bles *,  Arc. ;  and  be  then  forms  the  functions 

where 

&(s,  $)     ds  <fy     dsdf 

^(the  notation  is  the  abbreviated  one  before  referred  to),  and  he  proves  by 
differentiation  that  the  differential  coefficient  of  (<i,  b)  with  respect  to  the  time 
vanishes :  that  is,  that  (a,  b)  which,  by  its  definition  is  given  as  a  function  of  t 
and  of  the  coordinates  $>,...,  and  of  the  new  variables  *,...,  is  really  a 
constant.  Upon  which  Poisson  remarks — "  On  con^oit  que  la  constante  • . . 
sera  en  general  une  fonction  de  a  et  b  et  des  constantes  arbitrages  con- 
tenues  dans  les  autres  integrales  des  Equations  du  mouvement ;  quelquefois 
il  pourra  arriver  que  sa  valeur  ne  renferme  ni  la  constante  a  ni  la  con- 
stante b ;  dans  d'autres  cas  elle  ne  contiendra  aucune  constante  arbitraire,  et 
se  rgduira  &  une  constante  d6termin6e ;  mais  afin,"  &c 

13.  The  importance  of  the  remark  seems  to  have  been  overlooked  until 
the  attention  of  geometers  was  called  to  it  by  Jacobi ;  it  has  since  been 
developed  by  Bertrand  and  Bour. 

It  is  clear  from  the  definition  that  (a,  b)  =  —(b,a).  It  may  be  as  well  to 
remark  that  the  denominator  of  the  functional  symbol  is  (*,  <p)  and  not 
(ft  *)>  which  would  reverse  the  sign. 

J  4.  The  equations  for  the  variations  of  the  elements  are  without  difficulty 
shown  to  be  da     ,     .  NrfO  , 

which  have  the  advantage  over  those  of  Lagrange  of  giving  directly  -j,  &c. 

in  terms  of  -— ,  &&,  instead  of  these  expressions  having  to  be  determined 
da 

from  the  value  of  —-,  &c,  in  terms  of  -—,  &c 
da  dt 

15.  Poisson  applies  bis  formulae  to  the  case  of  a  body  acted  upon  by  a 
central  force  varying  as  any  function  of  the  distance,  and  also  to  the  case 
of  a  solid  body  revolving  round  a  fixed  point.  There  is,  as  Poisson  remarks, 
a  complete  similarity  between  the  formulae  for  these  apparently  very  dif- 
ferent problems,  but  this  arises  from  the  analogy  which  exists  between  the 
arbitrary  constants  chosen  in  the  memoir  for  the  two  problems.  The 
formulae  obtained  form  a  very  simple  and  elegant  system,  and  one  which, 
although  not  actually  of  the  canonical  form  (the  meaning  of  the  term  will 
be  presently  explained),  might  by  a  slight  change  be  reduced  to  that  form. 

16.  I  may  notice  here  a  problem  suggested  by  Poisson  in  a  report  to  the 
Institute  in  the  year  1880,  on  a  manuscript  work  by  Ostrogradsky  on 
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Celestial  Mechanics,  viz.,  in  the  case  of  a  body  acted  upon  by  a  central  force, 
the  effect  of  a  disturbing  function,  which  is  a  function  only  of  the  distance 
from  the  centre,  is  merely  to  alter  the  amount  of  the  central  force  ;  and  the 
expressions  for  the  variations  of  the  elements  should  therefore,  in  the  case 
in  question,  admit  of  exact  integration  ;  the  report  is  to  be  found  in  Crelle, 
t  vii.  pp.  97-101. 

17.  The  two  memoirs  of  Lagrange  and  Poisson,  which  have  been  con- 
sidered, establish  the  general  theory  of  the  variation  of  the  arbitrary  con- 
stants and  there  is  not,  I  think,  very  much  added  to  them  by  Lagrange's 
memoir  of  1810,  the  second  edition  of  the  *  M6canique  Analytique,'  1811, 
or  Poisson's  memoir  of  1816.  The  memoir  by  Maurice,  in  1844,  belongs  to 
this  part  of  the  subject,  and  as  its  title  imports,  it  is  in  fact  a  development 
of  the  theories  of  Lagrange  and  Poisson. 

18.  There  is,  however,  one  important  point  which  requires  to  be  adverted 
to.  Lagrange,  in  the  memoir  of  1810,  and  the  second  edition  of  the 
'Mecanique  Analytique,'  remarks,  that  for  a  particular  system  of  arbitrary 
constants,  viz.,  if  a, .. .  denote  the  initial  values  of  the  coordinates  £, ..  and 

X, ..  denote  the  initial  values  jof  -£?>•••  then  the  equations  for  the  varia- 
tions of  the  elements  take  the  very  simple  form 
da__dm        d\_d£k 

dt~    dk"'di-d?m" 

This  is,  in  fact,  the  original  idea  and  simplest  example  of  a  system  of  can- 
onical elements ;  viz.  of  a  system  composed  of  pairs  of  elements,  a,  X,  the 
variations  of  which  are  given  in  the  form  just  mentioned. 

19.  The  •  Avertissement'to  the  second  edition  of  the  <M6canique  Analytique* 
contains  the  remark,  that  it  is  not  necessary  that  the  disturbing  function  Q 

should  actually  exist ;  — ,  -p-,  — -  may  be  considered  as  mere  conventional 
dz    dy    dz       J 

symbols  standing  for  forces  X,Y,Z,  not  the  differential  coefficients  of  one  and 
the  same  function,  and  then  —  will  be  a  conventional  symbol  standing  for 

fodx+<to^dtote       d8imilarl yfor^,  &c;    and  this  being  so,  all 

dx  da     dy  da     dz  da  *        db 

the  formulae  will  subsist  as  in  the  case  of  an  actually  existing  disturbing 

function. 

20.  Cauchy,  in  a  note  in  the  '  Bulletin  de  la  Soci6t€  Philomatique*  for 
1819  (reproduced  in  the  '  M&moire  sur  l'lntegration  des  Equations  aux 
Derivges  Partielles  du  Premier  Ordre,'  «  Exer.  d'Anal.  et  de  Physique  Math.,' 
t.  ii.  pp.  238-272  (1841)),  showed  that  the  integration  of  a  partial  dif- 
ferential equation  of  the  first  order  could  be  reduced  to  that  of  a  single 
system  of  ordinary  differential  equations.  A  particular  case  of  this  general 
theorem  was  afterwards  obtained  by  Jacobi  in  the  course  of  his  investiga- 
tions (founded  on  those  of  Sir  W.  R.  Hamilton)  on  the  equations  of  dyna- 
mics, and  he  was  thence  led  to  a  slightly  different  form  of  the  general 
theorem  previously  established  by  Cauchy,  viz.,  Cauchy's  method  gives  the 
general^  Jacobi's  the  complete  integral,  of  the  partial  differential  equation. 
The  investigations  of  the  geometers  who  have  written  on  the  theory  of 
dynamics  are  based  upon  those  of  Sir  W.  R.  Hamilton  and  Jacobi,  and  it  is 
therefore  unnecessary,  in  the  present  report,  to  advert  more  particularly  to 
Cauchy's  very  important  discovery. 

21.  I  come  now  to  Sir  W.  R.  Hamilton's  memoirs  of  1834  and  1835, 
which  are  the  commencement  of  a  second  period  in  the  history  of  the  sub- 
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jeot  The  title  of  the  first  memoir  shows  the  object  which  the  author  pro- 
posed to  himself,  viz.,  the  discovery  of  a  function  by  means  of  which  the 
integral  equations  can  be  all  of  them  actually  represented.  The  method 
given  for  the  determination  of  this  function,  or  rather  of  each  of  the  several 
functions  which  answer  the  purpose,  presupposes  the  knowledge  of  the 
integral  equations  ;  it  is  therefore  not  a  method  of  integration,  but  a  theory 
of  the  representation  of  the  integral  equations  assumed  to  be  known.  I 
venture  to  dissent  from  what  appears  to  have  been  Jacobi's  opinion,  that 
the  author  missed  the  true  application  of  his  discovery ;  it  seems  to  me,  that 
Jacobi's  investigations  were  rather  a  theory  collateral  to,  and  historically 
arising  out  of  the  Hamiltonian  theory,  than  the  course  of  development 
which  was  of  necessity  to  be  given  to  such  theory.  But  the  new  form  ob- 
tained in  Sir  W.  R.  Hamilton's  memoirs  for  the  equations  of  motion,  is  a 
result  of  not  less  importance  than  that  which  was  the  professed  object  of 
the  memoirs. 

22.  Hamilton's  principal  function  V. — The  formula  are  given  for  the 
case  of  any  number  of  free  particles,  but,  for  simplicity,  I  take  the  case  of  a 
single  particle.     The  equations  of  motion  are  taken  to  be 

so  that  the  vis  viva  function  is 

T=i*i(*''+y'5+r'2), 

and  the  force  function,  taken  with  Lagrange's  sign,  would  be  —  U.  It  is 
assumed  that  the  condition  of  vis  viva  holds,  that  is,  that  U  is  a  function  of 
xy  y,  z  only.  The  initial  values  of  the  coordinates  are  denoted  by  a,  b,  c, 
and  those  of  the  velocities  by  a',  6',  c'.  The  equation  of  vis  viva  is 
T=U  +  H,  and  this  gives  rise  to  an  equation  T0=U0+H  of  the  same  form 
for  the  initial  values  of  the  coordinates.     The  author  then  writes 


=r 


2Tdi9 


an  equation,  the  form  of  which  implies  that  T  is  expressed  as  a  function 
of  the  time  and  of  the  constants  of  integration  a,  bt  c,  a\  b\  c'.  The  method 
of  the  calculus  of  variations  leads  to  the  equation 

aV=m(a?,&r+y,«y+^3*)-in(a/Sa+W6+c'&)+rtH, 

to  understand  which,  it  should  be  remarked  that  the  coordinates  ar,y,*, 
and  the  velocities  ar'.y',  **,  being  functions  of  t  and  of  a,  b,  c,  a',  b'9  J,  then 
V  is,  in  the  first  instance,  given  as  a  function  of  these  quantities.  But 
*,y,*  being  functions  of  a,b9c,  a\b\<!%t,  we  may  conversely  consider 
a\b',c!  as  functions  of  ar,y,ar,  a,b,ctt9  and  thus  V  becomes  a  function  of 
*,y,s,  afb,c,t.  In  like  manner  H  is  a  function  of  x,y,z,  a,£,c,*,  and. 
eliminating  *,  we  have  V  a  function  of  #,y,  zt  a,  b,  c,  H,  which  is  the  form 
in  which  in  the  last  equation  V  is  considered  to  be  expressed.  The  equa- 
tion then  gives 
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dti *' 

and,  considering  V  as  a  known  function  of  x,  y,  z,  a,  b9  c,  H,  the  elimination 
of  H  gives  a  set  of  equations  which  are  in  fact  the  integral  equations  of 
the  problem,  viz.,  the  first  three  equations  and  the  last  equation  give  equa- 
tions containing  x,  y,  z,  rf,  t/%  z\  t  and  a,  b,  ct  that  is,  the  intermediate  inte- 
grals ;  the  second  three  equations  and  the  last  equation,  give  equations 
containing  x9y9  *,  *,  a,  b9  c,  V,  b\  c\  that  is,  the  final  integrals. 
The  function  V  satisfies  the  two  partial  differential  equations 

i{^sy+(5),}-^»' 

which,  if  they  could  be  integrated,  would  give  V  as  a  function  of  x9y$  zt 
a,  b,  ct  H,  and  thus  determine  the  motion  of  the  system. 

23.  Hamilton's  principal  function  S. — This  is  connected  with  the  function 
V  by  the  equation 

V=*H+S; 

or,  what  is  the  same  thing,  the  new  principal  function  S  is  defined  by  the 
equation 

S=f(T+U>*; 


but  S  is  considered  (not  like  V  as  a  function  of  x,y,z,a,b,c;  H,  but)  as 
a  function  of  x,  y,  z,  a,  b9  c,  t.    The  expression  for  the  variation  of  S  is 

iS=^UU+m(x^hi+y,iy^z^z)^m(alia+btib+cflc) 

which  is  equivalent  to  the  system 

**S=     ma/  rfS—      mi/  ^§=3      ma! 

dt         *' 
the  first  three  and  the  second  three  of  which  give,  respectively,  the  inter- 
mediate and  the  final  integrals ;  the  last  equation  leads  only  to  the  expres- 
sion of  the  supernumerary  constant  H  in  terms  of  the  initial  coordinates 
a,  b9  c,  and  it  may  be  omitted  from  the  system. 

The  function  S  satisfies  the  partial  differential  equations 

§^{(SHfHI)'M 
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which,  if  they  could  be  integrated,  would  give  S  as  a  function  of  a?,  y%  zf 
a,  b,  c,  ty  and  thus  determine  the  motion  of  the  system. 

24.  Hamilton's  form  of  the  equations  of  motion. — This  is  in  fact  the 
form  obtained  by  carrying  out  the  idea  of  introducing  into  the  differential 
equations,  in  the  place  of  the  differential  coefficients  of  the  coordinates,  the 
derived  functions  (with  respect  to  these  differential  coefficients)  of  the 
vis  viva  function  T.  Taking  j|  to  denote  any  one  of  the  series  of  coordi- 
nates, then  the  original  system  may  be  denoted  by 

d  rfT^tfr^rfy 

dt  dr{     dq      drj 

(U  is  the  force  function  taken  with  a  contrary  sign  to  that  of  Lagrange), 
and  writing  in  like  manner  m  to  denote  any  one  of  the  new  variables  con- 
nected with  the  coordinates  i?  by  the  equations 

rfT 

then  T,  in  its  original  form,  is  a  function  of  if, ...  rfy ...,  homogeneous 
of, the  second  order  as  regards  the  differential  coefficients  rf ..;  and,  con- 
sequently, these  being  linear  functions  (without  constant  terms)  of  the  new 
variables  w,  the  vis  viva  function  T  can  be  expressed  as  a  function  of  iy,  • .  • 
«,...,  homogeneous  of  the  second  order  as  regards  the  variables  w, . . . 
And  when  T  has  been  thus  expressed,  the  equations  of  motion  take  the  form 

do_  dH  dw__     dT    dU 
dt"~dm$  dt~     dqdq 

which  is  the  required  transformation.  The  force  function  U  is  independent 
of  the  differential  coefficients  rf9  • .  and,  consequently,  of  the  variables  w, . ., 
hence,  writing  H=T—U,  the  equations  take  the  form 

dt~~dvr*  dt         ~dq 

which  correspond  to  the  condensed  form  obtained  by  writing  T— V=R  in 
Lagrange's  equations.  It  is  hardly  necessary  to  remark  that  H  is  to  be 
considered  as  a  given  function  of  if, ...  *r, ...,  viz.,  it  is  what  T— U  be- 
comes when  the  differential  coefficients  if',  .  .  .  are  replaced  by  their  values 
in  terms  of  the  new  variables  «r, . . . 

25.  I  have,  for  greater  simplicity,  explained  the  theory  of  the  functions  V 
and  S  in  reference  to  a  very  special  form  of  the  equations  of  motion  ;  but 
the  theory  is,  in  fact*  applicable  to  any  form  whatever  of  these  equations ; 
and,  as  regards  the  function  V,  is  in  the  first  memoir  examined  in  detail 
with  reference  to  Lagrange's  general  form  of  the  equations  of  motion.  The 
function  S  is  considered  at  the  end  of  the  memoir  in  reference  only  to  the 
special  form.  The  new  form  of  the  equations  of  motion  is  first  established 
in  the  second  memoir,  and  the  theory  of  the  functions  V  and  S  is  there  con- 
sidered in  reference  to  this  form.  The  author  considers  also  another 
function  Q,  which,  when  the  matter  is  looked  at  from  a  somewhat  more 
general  point  of  view,  is  not  really  distinct  from  the  function  S. 

*  I  find  it  stated  in  a  note  to  M.  Houel's «  These  sur  Integration  det  equations  differen- 
tielles  de  la  Mecaniqne,'  Paris,  1855,  that  this  form  of  the  equations  of  motion  had  been 
previously  employed  in  an  %mpubU$ked  memoir  by  Cauchy,  written  in  1831. 
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26.  The  first  memoir  contains  applications  of  the  method  to  the  problem 
of  two  bodies,  and  the  problem  of  three  or  more  bodies,  and  researches  in 
reference  to  the  approximate  integration  of  the  equations  of  motion  by  the 
separation  of  the  function  V  into  two  parts,  one  of  them  depending  on  the 
principal  forces,  the  other  on  the  disturbing  forces.  The  method,  or  one  of 
the  methods,  given  for  this  purpose,  involves  the  consideration  of  the  varia- 
tion of  the  arbitrary  constants,  but  it  is  not  easy  to  single  out  any  precise 
results,  or  explain  their  relation  to  the  results  of  Lagrange  and  Poisson.  The 
like  remark  applies  to  the  investigations  contained  in  Nos.  7  to  12  of  the 
second  memoir,  but  it  is  important  to  consider  the  theory  described  in  the 
heading  of  No.  13,  as  "giving  formulae  for  the  variation  of  elements  more 
analogous  to  those  already  known."  The  function  H  is  considered  as  con- 
sisting  of  two  parts,  one  of  them  being  treated  as  a  disturbing  function  ;  the 
equations  of  motion  assume  therefore  the  form 

dfi_dH     dt  dm__dH    dt 
dt~ dm     dvt  dt  drj     dr\ 

(I  have  written  H,  Y  instead  of  the  author's  H„  H,).  The  terms  involving 
Y  are  in  the  first  instance  neglected,  and  it  is  assumed  that  the  integrals 
of  the  resulting  equations  are  presented  in  the  form  adopted  by  Poisson, 
viz*,  the  constants  of  integration  a,  6,  &c,  are  considered  as  given  in  terms 
of  tj  and  of  the  two  sets  of  variables  if, . .  and  tv, . . ;  the  integrals  are  then 
extended  to  the  complete  equations  by  the  method  of  the  variation  of  the 
elements.  The  resulting  expressions  are  the  same  in  form  as  those  of 
Poisson,  viz. : — 


where 


if,  for  shortness, 


da    ,     j\dt . 

d(g,  V)_da  db     db  da 
d(i|,  w)~"  dri  dm    dr\  dm 


and  conversely  the  values  of  -?-,  &c.  in  terms  of  -p  &c  might  have  been 

exhibited  in  a  form  such  as  that  of  Lagrange.  The  expressions  (a,  b)f  con- 
sidered as  functional  symbols,  have  the  same  meanings  as  in  the  theories  of 
Poisson  and  Lagrange ;  and,  as  in  these  theories,  the  differential  coefficient 
of  (a,  b)  with  jrespect  to  the  time,  vanishes,  or  (a,  b)  is  a  function  of  the 
elements  only. 

27.  It  is  to  be  observed  that  the  disturbing  function  Y  is  not  necessarily 
in  the  same  problem  identical  with  the  disturbing  function  ft  of  Lagrange 
and 'Poisson  (indeed,  in  any  problem,  the  separation  of  the  forces  into  prin- 
cipal forces  and  disturbing  forces  is  an  arbitrary  one).  Sir  W.  R.  Hamil- 
ton, in  .the  second  memoir,  gives  a  very  beautiful  application  of  his  theory 
to  the  problem  of  three  or  more  bodies,  which  has  the  peculiar  advantage  of 
making  the  motion  of  all  the  bodies  depend  upon  one  and  the  same  disturbing 
function*.    This  disturbing  function  contains  (as  in  the  last-mentioned 

*  Lagrange  has  given  formulae  for  the  determination  of  the  motion  of  three  or  more 
bodies  referred  to  their  common  centre  of  gravity  by  means  of  one  and  the  same  disturbing 
function.    In  Sir  W.  R.  Hamilton's  theory  there  is  one  central  body  to  which  all  the  others 
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genital  formulas)  both  get*  of  variables,  and  the  consequenoe  is  that,  as  the 
author  remarks,  the  varying  elements  employed  by  him  are  essentially  different 
frdm  those  made  use  of  in  the  theories  of  Lagrange  and  Potsson  ;  the  ve- 
locities cannot,  in  his  theory,  be  obtained  by  differentiating  the  coordinates 
as  if  the  elements  were  constant.  The  investigation  applies  to  the  case 
where  the  attracting  force  is  any  function  whatever  of  the  distance,  and  the 
six  elements  ultimately  adopted  form  a  canonical  system. 

28.  The  precise  relation  of  Sir  W.  R.  Hamilton's  form  of  the  equations 
of  motion  to  that  of  Lagrange's,  is  best  seen  by  considering  Lagrange's 
equations,  not  as  a  system  of  differential  equation*  of  the  second  order 
between  the  coordinates  and  the  time  t,  but  as  a  system  of  twice  as  many 
differential  equations  of  the  first  order  between  the  coordinates,  their 
differential  coefficients  treated  as  a  new  system  of  variables,  and  the  time. 
It  will  be  convenient  to  write  —  U,  instead  of  Lagrange's  force-function  V, 
and  (to  conform  to  the  usage  of  later  writers  who  have  treated  the  subject 
in  the  most  general  manner)  to  represent  the  coordinates  by  qt . . .,  their 
differential  coefficients  by  q\  . . .,  and  the  new  variables  which  enter  into  the 
Hamikonian  form  by  />,... ;  then  the  Lagrangian  system  will  be 

dq__  ,      d  <TT_ <*T_rfU 
dt"~9'     ~3tdq'    dq~dql 

or  putting  T+U=Z  (this  is  the  same  as  Lagrange's  substitution,  T— V=R), 
the  system  becomes 

dq__  ,     d_  dZ   __dZ 
dt~q'    dtdq'  ~dq 

while  the  Hamiltoniai*  system  is 

dq    <ff     dg^    *£+*£. 
dt^dp*    dt~~dq  +  dq'* 

or  putting  as  before  T— U=H,  the  system  is 

dq_dtt     dp_     dH 
dt~dp'    dt"     dq; 

where,  in  the  Lagrangian  systems,  T  and  U,  and  consequently  Z,  are  given 
functions  of  a  certain  form  of  t9q>. .  ^, . .,  and  in  like  manner,  in  the  Hamll- 
tonian  system,  T  and  U,  and  consequently  H,  are  given  functions  of  a  cer- 
tain form  of  t9  q, . . p . . .  The  generalisation  has  since  been  made  (it  is  not 
easy  to  say  precisely  when  first  made)  of  considering  Z  as  standing  for  any 
function  whatever  of  t,  q, . . .  qf> , .,  and  in  like  manner  of  considering  H  as 
standing  for  any  function  whatever  of  t,  q, .  .p, . . .  It  is  to  be  noticed  that 
in  Sir  W.  R.  Hamilton's  memoir,  the  demonstration  which  is  given  of  the 
transformation  from  Lagrange's  equations  to  the  new  form  depends  essentially 
on  the  special  form  of  the  function  T  as  a  homogeneous  function  of  the 
second  order  in  regard  to  the  differential  coefficients  of  the  coordinates ; 
indeed  the  transformation  itself,  as  regards  the  actual  value  of  the  new  func- 
tion T(=T  expressed  in  terms  of  the  new  variables),  which  enters  into  the 

are  referred.  The  method  of  Sir  W.  R.  Hamilton  is  made  use  *€  m  M.  Honel's  *  These 
d'Astronomie  t  Application  de  la  M&hode  de  M.  Hamilton  aa  Gsleal  des  Perturbatious  de 
JupUer.'-Ptrii,  1865. 
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transformed  equations,  depends  essentially  upon  the  special  form  just  re* 
ferred  to  of  the  function  T,  although,  as  will  be  seen  in  the  sequel,  there  is 
a  like  transformation  applying  to  the  most  general  form  of  the  function  T. 
29.  In  the  greater  part  of  what  has  preceded,  and  especially  in  the  above- 
mentioned  substitutions  T+U=Z  and  T— U=H,  it  is  of  course  assumed 
that  the  force  function  U  exists ;  when  there  is  no  force  function  these 
substitutions  cannot  be  made,  but  the  forms  corresponding  to  the  untrans- 
formed  forms  in  T  and  U  are  as  follows,  viz.  the  Lagrangian  form  is 

dg         d  dT    dT 

and  the  Hamiltonian  form  is 

dTdp'dt~     dq^^% 

that  is,  the  only  difference  is,  that  the  functions  Q,  instead  of  being  the  dif- 
ferential coefficients  with  respect  to  the  variables  q ...  of  one  and  the  same 
force  function  U,  are  so  many  separate  and  distinct  functions  of  the  variables 
£,«••,  or  more  generally  of  the  variables  qf . .  p,. .  of  both  sets. 

SO.  Jacobi's  letter  of  1836. — This  is  a  short  note  containing  a  mere  state* 
ment  of  two  results.  The  first  is  as  follows,  viz.  the  equations  for  the 
motion  of  a  point  in  piano  being  taken  to  be 


*x_dU  <fy_dU 
df~dx9  dfi~~dy9 


where  U  is  a  function  x,y  without  t ;  one  integral  is  the  equation  of  vis 
viva  i(ar,,+ya)=U+A.  Assume  that  another  integral  is  a=F(a?,y,a/,y'), 
then  x',y'  will  in  general  be  functions  of  ar,  y,a,A,  and  considering  them  as 
thus  expressed,  it  is  stated  that  not  only  xdx+ydy  will  be  an  exact  differ- 
ential, but  its  differential  coefficients  with  respect  to  a,  h  will  be  so  likewise, 
and  the  remaining  integrals  are 


a  theorem,  the  relation  of  which  to  the  general  subject  will  presently  appear. 

The  second  result  does  not  relate  to  the  general  subject,  but  I  give  it  in  a 
note  for  its  own  sake*. 

81.  Poisson's  memoir  of  1837. — This  contains  investigations  suggested  by 

*  Jaoobi  imagines  a  point  without  man  revolving  round  the  son  and  disturbed  by  a  planet 
moving  in  a  circular  orbit,  which  is  taken  for  the  plane  of  <r,  y ;  the  coordinates  of  the  point 
are  *,y,  z,  those  of  the  planet  a7  cos  n't,  <r*  sin  n't,  m*  is  the  mass  of  the  planet,  M  the  mass 
of  the  sun ;  then  we  have  accurately 

(3+P+F)*+m'  I  («a+y*+^-2fl'(*  cos  »7+y  sin  n'O+Ov""* cos »'* +y  sin n'7  J  +CoMt- 
which  Jacobi  suggests  might  be  found  useful  in  the  lunar  theory.    The  point  being  without 
mass,  means  only  that  it  is  considered  as  not  disturbing  the  circular  motion  of  the  planet  4 
the  problem  is  properly  a  case  of  the  problem  of  two  centres,  viz.  one  centre  is  fixed,  ana 
the  other  one  revolves  round  it  in  a  circle  with  a  uniform  velocity. 
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Sir  W.  R.  Hamilton's  memoir,  and  relating  to  the  aid  to  be  derived  from  a 
system  of  given  integral  equations  (equal  in  number  to  the  coordinates)  in 

the  determination  of  the  principal  function  V.     The  equations  —  =mx/> 

&c.  give  dV^mtfdx+y'dy+afdz),  or  in  the  case  of  a  system  of  points, 
dV=z'2m(z,dx+yldy+z,dz).  If  the  points,  instead  of  being  free,  are  con- 
nected together  by  any  equations  of  condition,  then,  by  means  of  these 
equations,  the  coordinates  ar,y,  z  of  the  different  points  and  their  differential 
coefficients  d,y\z\  can  be  expressed  as  functions  of  a  certain  number 
of  independent  variables  4,  u%  0,  6Vc.,  and  of  their  differential  coefficients 
£,uV,0\  &c.;  d\  then  takes  the  form  dVz=Xd<p  +  Yd\P+Zdd+  ..  where 
X,  Y,  Z  are  functions  of  0,  u\ . .  <f>',  uV, . . .  Imagine  now  a  system  of  in- 
tegrals (one  of  them  the  equation  of  vis  viva)  equal  in  number  to  the 
independent  variables  <f>,  u%  6 . .;  then,  by  the  aid  of  these  equations,  <f>'f  uV,^  •  •> 
and,  consequently,  X,  Y,  Z  . .  can  be  expressed  as  functions  (of  the  con- 
stants of  integration  and)  of  the  variables  ^  u\  0, . .  •  Hence,  attending 
only  to  the  variables, c?V=X£fy  + YrfuV-f  Zc?0+  . .  is  a  differential  expression 
involving  only  the  variables  <f>,  uV,  0 . . ;  but,  as  Poisson  remarks,  this  expres- 
sion is  not  in  general  a  complete  differential.  In  the  cases  in  which  it  is  so, 
V  can  of  course  be  obtained  directly  by  integrating  the  differential  ex- 
pression, viz.  the  function  so  obtained  is  in  value,  but  not  in  form,  Sir  W. 
K.  Hamilton's  principal  function  V,  for,  with  him,  V  is  a  function  of  the 
coordinates,  and  of  a  particular  set  of  the  constants  of  integration,  viz.  the 
constant  of  vis  viva  A,  and  the  initial  values  of  the  coordinates.  Poisson 
adds  the  very  important  remark,  that  V  being  determined  by  his  process  as 
above,  then  h  being  the  constant  of  vis  viva,  and  the  constants  of  the  other 
given  integral  equations  being  e,/,  &<%,  the  remaining  integrals  of  the 
problem  are* 

dV  rfV_    dV_ 

dh~t+r'de-1'  df~m>" 

where  r,  /,  m, . .  are  new  arbitrary  constants.  But,  as  before  remarked,  the 
expression  for  dV  is  not  always  a  complete  differential.  Poisson  accord- 
ingly inquires  into  and  determines  (but  not  in  a  precise  form)  the  condi- 
tions which  must  be  satisfied,  in  order  that  the  expression  in  question  may 
be  a  complete  differential.  He  gives,  as  an  example,  the  case  of  the  motion 
of  a  body  in  space  under  the  action  of  a  central  force ;  and,  secondly,  the 
case  considered  in  Jacobi's  letter  of  18S6,  which  he  refers  to,  viz.,  here 
dV=tfdx+y'dy,  and  when  the  two  integral  equations  are  one  of  them,  the 
equation  of  vis  viva  3(a?'2+y'2)=U+A>  and  the  other  of  them  any  integral 
equation  a=F  ipcyyyx,ty'\  whatever  (subject  only  to  the  restriction  that  a 
is  not  a  function  of  :r,y,ar2-|-y3,  the  necessity  of  which  is  obvious)  the  con- 
dition is  satisfied  per  se>  and,  consequently,  xfdx+y'dy  is  a  complete 
differential,  and  its  integral  gives  (in  value,  although  as  before  remarked 
not  iu  form)  the  principal  function  V ;  and  such  value  of  V  gives  the  two 
integral  equations  obtained  in  Jacobi's  letter. 

32.  Jacobi's  note  of  the  29th  of  November,  1836,  (  On  the  Calculus  of 
Variations,  and  the  Theory  of  Differential  Equations.9 — The  greater  part  of 
this  note  relates  to  the  differential  equations  which  occur  in  the  calculus  of 

dV 
*  Poisson  writes-^  =  — /+<> ;  there  seems  to  be  a  mistake  as  to  the  sign  of  h  running 

dV 
through  the  memoir.    Correcting  this,  and  potting  — r  for  6,  we  have  the  formula  _-  «  /+  r 

given  in  the  text. 
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variations,  including,  indeed,  the  differential  equations  of  dynamics,  but  which 
belong  to  a  different  field  of  investigation.  The  latter  part  of  the  note  relates 
more  immediately  to  the  differential  equations  of  dynamics.  The  author  re- 
marks, that,  in  any  dynamical  problem  of  the  motion  of  a  single  particle  for 
which  the  principle  of  vis  viva  holds  good,  if,  besides  the  integral  of  vis  viva, 
there  is  given  any  other  integral,  the  problem  is  reducible  to  the  integration 
of  an  ordinary  differential  equation  of  two  variables,  and  that  it  is  always 
possible  to  integrate  this  equation,  or  at  least  discover  by  a  precise  and 
general  rule  the  factor  which  renders  it  integrable.  This  would  seem  to 
refer  to  Jacobi's  researches  on  the  theory  of  the  ultimate  multiplier,  but  the 
author  goes  on  to  refer  to  a  preceding  communication  to  the  Academy  of 
Paris  (the  before-mentioned  letter  of  18S6),  which  does  not  belong  (or,  at 
least,  does  not  obviously  belong)  to  this  theory.  He  speaks  also  of  a  class 
of  dynamical  problems,  viz.  that  of  the  motion  of  a  system  of  bodies  which 
mutually  attract  each  other,  and  which  may  besides  be  acted  upon  by 
forces  in  parallel  lines,  or  directed  to  fixed  centres,  or  even  to  centres  the 
motion  of  which  is  given ;  and,  he  remarks,  in  the  solution  of  such  a  pro- 
blem, the  system  of  differential  equations  being  in  the  first  instance  of  the 
order  2»  (that  is,  being  a  system  admitting  of  2n  arbitrary  constants),  then 
if  one  integral  is  known,  it  is  possible  by  a  proper  choice  of  the  quantities 
selected  for  variables  to  reduce  the  system  to  the  order  2»— 2.  If  another 
integral  is  known,  the  equation  may  in  like  manner  be  reduced  to  a  system 
of  the  order  2»— 4,  and  so  on  until  there  are  no  more  equations  to  be  in- 
tegrated ;  and  thus  the  operations  to  be  effected  depend  only  upon  quadra- 
tures. All  this  seems  to  refer  to  researches  of  Jacobi,  which,  so  far  as  I 
am  aware,  have  not  hitherto  been  published.  The  results  correspond  with 
those  recently  obtained  by  Bour,  post,  Nos.  66  and  67* 

S3.  Jacobi's  memoir  of  18S7. — Jacobi  refers  to  the  memoirs  of  Sir 
W.  R.  Hamilton,  and  he  reproduces,  in  a  slightly  different  form,  the  inves- 
tigation of  the  fundamental  property  of  the  principal  function  S.  The  case 
considered  is  that  of  a  system  of  n  particles,  the  coordinates  of  which  are 
connected  together  by  any  number  of  equations ;  but  it  will  be  sufficient 
here  to  attend  to  the  case  of  a  single  free  particle.  The  equations  of  motion 
are  assumed  to  be 

d*x_d\J     d*y__d\J     <Pz_dU 
md*  ~dx~9  m5?~^'  mdt*  ~di  * 

But  U  is  considered  as  being  a  function  of  x,  yy  z  and  of  the  time  t,  that  is, 
it  is  assumed  that  the  condition  of  vis  viva  is  not  of  necessity  satisfied.  The 
definition  of  the  function  S  is 


S+ T  [\J+{m(x,'+y'>+*'7)]dt,  which, 


when  the  equation  of  vis  viva  is  satisfied,  that  is,  when  T={m(x'2+yli+zn) 

=U+A,  agrees  with  Sir  W.  R.  Hamilton's  definition  S=2j*  Mdl+ht.     The 

function  S  is  considered  as  being,  by  means  of  the  integral  equations  as- 
sumed as  known,  expressed  as  a  function  of  ty  of  the  coordinates  x,  y,  z9  and 
of  their  initial  values  a,  b,  c.  And  then  it  is  shown  that  S  satisfies  the  equa- 
tions 

cfS         ,      dS         ,      dS         , 

7brm*'  i*rmy'  d==mz' 

dS  ,  dS  ,,  dS  , 

■&T-ma>d5=-mb>d;=-mc> 

1857.  c 
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so  that  the  intermediate  and  final  integrals  are  expressed  by  means  of  the 
principal  function  S. 

S4.  But  Jacobi  proceeds,  "  the  definition  assumes  the  integration  of  the 
differential  equations  of  the  problem.  The  results,  therefore,  are  only 
interesting  in  so  far  as  they  have  reduced  the  system  of  integral  equations 
into  a  remarkable  form.  We  may,  however,  define  the  function  S  in  a 
quite  different  and  very  much  more  general  manner."  And  then,  attending 
only  to  the  case  of  a  system  of  free  particles,  he  gives  a  definition,  which,  in 
the  case  of  a  single  particle,  is  as  follows  :— 

Jacobi's  principal  function  S.— The  equations  of  motion  being  as  before 

«ftc_     d\J  «fy_     dU  <Pz_     dU 
aV-mte'd?-m~dto'~aV-md; 

(where  U  is  in  general  a  function  of  x,y>  z  and  l),  then  S  is  defined  to  be  a 
complete  solution  of  the  partial  differential  equation 

A  complete  solution,  it  will  be  recollected,  meaus  a  solution  containing  as 
many  arbitrary  constants  as  there  are  independent  variables  in  the  partial 
differential  equations;  in  the  present  case,  therefore,  four  arbitrary  con- 
stants. But  one  of  these  constants  may  be  taken  to  be  a  constant  attached 
to  the  function  S  by  mere  addition,  and  which  disappears  from  the  dif- 
ferential coefficients,  and  it  is  only  necessary  to  attend  to  the  other  three 
arbitrary  constants.  S  is  consequently  a  function  of  I,  x,  yf  z,  and  of  the 
arbitrary  constants  a,  /3,  y,  satisfying  the  partial  differential  equation.  And 
this  being  so,  it  is  shown  that  the  integrals  of  the  problem  are 

dS         ,  dS         ,  dS 
fiS        dS        dS 

where  X,  /i,  v  are  any  other  arbitrary  constants,  viz.,  the  first  three  equa- 
tions give  the  intermediate  integrals,  and  the  last  three  equations  give  the 
final  integrals  of  the  problem. 

Jacobi  proceeds  to  give  an  analogous  definition  of  the  principal  function 
V  as  follows : — 

35.  Jacobis  principal  function  V. — First,  when  the  condition  of  vis  viva 
is  satisfied.  Here  V  is  a  complete  solution  of  the  partial  differential 
equation 


£{(£)■♦($•♦(£)■}- 


U+A, 


where  h  is  the  constant  of  vis  viva.  The  partial  differential  equation  con- 
tains only  three  independent  variables;  and  since  as  before  one  of  the 
constants  of  the  complete  solution  may  be  taken  to  be  a  constant  attached 
to  V  by  mere  addition,  and  which  disappears  from  the  differential  co- 
efficients, we  may  consider  V  as  a  function  of  t,z,y,z,  and  of  the  two  con- 
stants of  integration  a  and  /?.  But  V  will  of  course  also  contain  the 
constant  A,  which  enters  into  the  partial  differential  equation.  The  integrals 
of  the  problem  are  then  shown  to  be 


\ 


ON  THEORETICAL  DYNAMICS.  19 

dV        ,dV        ,  dV        , 

dV    st     dV    .       dV 

where  r,  X,  ft  are  new  arbitrary  constants. 

36.  Jacobi's  principal  function  V. — Secondly,  when  the  equation  of  vis 
viva  is  not  satisfied.  Here  U  contains  the  time  t,  and  we  have  no  such 
equation  as  T=U+A,  but  along  with  the  coordinates  a?,y,  z  there  is  intro- 
duced a  new  variable  H,  and  V  is  defined  to  be  a  complete  integral  of  the 
partial  differential  equation 


±{(£MSr+(S)T 


=U  +  H; 


dV 
where,  in  the  expression  for  U,  it  is  assumed  that  t  is  replaced  by  —-*    There 

oH 
are,  consequently,  four  independent  variables,  and  a  complete  solution  must 
contain,  exclusively  of  the  constant  attached  to  V  by  mere  addition,  and 
which  disappears  from  the  differential  coefficients,  three  arbitrary  constants 
a,  /3,  y.     The  integral  equations  are  shown  to  be 

dV         ,  dV         ,  dV 

dV  dV_        dV_ 

3a~A'      dp-**'      dy~*' 

da  lt 

where  X,  p,  v  are  arbitrary  constants,  viz.,  eliminating  H  from  the  first 
three  equations  by  the  assistance  of  the  last  equation,  we  have  the  inter- 
mediate integrals ;  and  eliminating  H  from  the  second  three  equations  by 
the  assistance  of  the  last  equation,  we  have  the  final  integrals.     The  substi- 

rfV 
tution  of  the  above  values  — -,  &c.,  in  the  partial  differential  equation  givea 
ax 

T=U+H,  that  is,  H(=T— U)  is  that  function  which,  when  the  condition 

of  vis  viva  is  satisfied,  becomes  equal  to  A,  the  constant  of  vis  viva. 

Jacobi's  extension  of  the  theory  to  the  case  where  the  condition  of  vis 
viva  is  not  satisfied,  appears  to  have  attracted  very  little  attention ;  It  is 
indeed  true,  as  will  be  noticed  in  the  sequel,  that  this  general  case  can  be 
reduced  to  the 'particular  one  in  which  the  condition  of  vis  viva  is  satisfied, 
but  there  is  not  it  would  seem  any  advantage  in  making  this  reduction ; 
the  formula*  for  the  general  case  are  at  least  quite  as  elegant  as  those  for 
the  particular  case. 

37.  Jacobi,  after  considering  some  particular  dynamical  applications,  pro* 
ceeds  to  apply  the  theory  developed  in  the  first  part  of  the  memoir  to  the 
general  subject  of  partial  differential  equations ;  the  differential  equations 
of  a  dynamical  problem  lead  to  a  partial  differential  equation,  a  complete 
solution  of  which  gives  the  integral  equations.  Conversely,  the  Integral 
equations  give  the  complete  solution  of  the  partial  differential  equation,  and 
applying  similar  considerations  to  any  partial  differential  equation  of  the 
first  order  whatever,  it  is  shown  (what,  but  for  Cauchy's  memoir  of  1819, 
which  Jacobi  was  not  acquainted  with*,  would  have  been  a  new  theorem) 

*  Jtoobl  utters  to  Lagrange's  *  Lecona  rar  la  Theorie  des  FonctiaBt,'  and  to  a  memoir  by 
Pfcffinthe  'Berlin  Tftasaetiona'  for  1814,  at  ccataining,  to  fcr  at  ha  was  aware,  every* 

c2 
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that  the  solution  of  the  partial  differential  equation  depends  on  the  integra- 
tion of  a  single  system  of  partial  differential  equations.  The  remainder  of 
the  memoir  id  devoted  to  the  discussion  of  this  theory  and  of  the  integration 
of  the  Pfaffian  system  of  ordinary  differential  equations,  a  system  which  is 
also  treated  of  in  Jacobi*s  memoir  of  1844,  *Theoria  Novi  Multiplica- 
nds,* &c.  I  take  the  opportunity  of  referring  here  to  a  short  note  by 
Brioschi,  *  Intorno  ad  una  Proprieta  delle  Equazione  alle  Derivate  Parziale 
del  Primo  Ordine,'  Tortolini,  t.  vi.  pp.  426-429  (1855),  where  the  theory 
of  the  integration  of  a  partial  differential  equation  of  the  first  order  is  pre* 
sented  under  a  singularly  elegant  form. 

38.  Jacobi's  note  of  1837,  'On  the  Integration  of  the  Differential  Equa- 
tions of  Dynamics.* — Jacobi  remarks  that  it  is  possible  to  derive  from 
Lagrange's  form  of  the  equations  of  motion  an  important  profit  for  the 
integration  of  these  equations,  and  he  refers  to  his  communication  of  the 
29th  of  November  1839  to  the  Academy  of  Berlin,  and  to  his  former  note 
to  the  Academy  of  Paris.  He  proceeds  to  say,  that  whenever  the  condition 
of  vis  viva  holds  good,  he  had  found  that  it  was  pojsible  in  the  integration 
of  the-  equations  of  motion  to  follow  a  course  such  that  each  of  the  given 
integrals  successively  lowers  by  two  unities  the  order  of  the  system;  and 
that  the  like  theorem  holds  good  when  the  condition  of  vis  viva  is  not  satis- 
fied, that  is,  when  the  force  function  involves  the  time  (this  seems  to  be  a 
restatement,  in  a  more  general  form,  of  the  theorems  referred  to  in  the  note 
of  the  29th  of  November  1836  to  the  Academy  of  Berlin);  and  he  men- 
tions that  he  had  been,  by  his  researches  on  the  theory  of  numbers,  led 
away  from  composing  an  extended  memoir  on  the  subject  The  note  then 
passes  on  to  other  subjects,  and  it  concludes  with  two  theorems,  which  are 
given  without  demonstration  as  extracts  from  the  intended  work  he  had 
before  spoken  of.     These  theorems  are  in  effect  as  follows: — 

I.  Let 

d*x    dU      d*y    dU      d*z    dU  m 

md?~di>  mW=d?  mde=te> &c- 

be  the  3n  differential  equations  of  the  motion  of  a  free  system,  and 

J2ro(*w +y" +*">&=  U + A, 

the  equation  of  vis  viva. 
Let  V  be  a  complete  solution  of  the  partial  differential  equation 

**{(£)'*(SM£)W 

that  is,  a  solution  containing,  besides  the  constant  attached  to  V  by  mere 
addition,  S»— 1  constants  «(a1,aa...a3n-1),  then  first  the  integral  equa- 
tions are 

where  /J(/3lf &...&»_,)  an^  t  are  new  arbitrary  constants:  this  is  in  fact 
the  theorem  already  quoted  from  Jacobi's  memoir  of  1837,  and  it  is  in  the 
present  place  referred  to  as  an  easy  generalisation  of  Sir  W.  R.  Hamilton's 

thing  essential  which  was  known  in  reference  to  the  integration  of  partial  differential  equa- 
tions of  the  first  order ;  he  refers  also  to  his  own  memoir  '  Ueber  die  Pfaffsche  Methode,' 
&c.,  Crelle,  t.  ii.  pp.  347-358  (1827),  as  presenting  the  method  in  a  more  symmetrical  and 
compendious  form,  but  without  adding  to  it  anything  essentially  new. 
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formulae.  But  Jacobi  proceeds  (and  this  is  given  as  entirely  new)  that  the 
disturbed  equations  being 

d*x_dU    dCl      dV_<*U    dd      (Pz__dU    dd 
mWaT+d^9  m~d?-"ty+ty'  md*-dZ+&' 

then  the  equations  for  the  variations  of  the  above  system  of  arbitrary  con- 
stants are 

da_     aXk        dh_     dCl 

dt"     dp'-~dt-     W 

dt~     da'"    dt~     dh; 

so  that  the  constants  form  (I  think  the  term  is  here  first  introduced)  a 
canonical  system* 

Jacobi  observes,  that  in  the  theory  of  elliptic  motion,  certain  elements 
which  he  mentions,  form  a  system  of  canonical  elements,  and  he  remarks, 
that  since  one  complete  solution  of  a  partial  differential  equation  gives  all 
the  others,  the  theorem  leads  to  the  solution  of  another  interesting  problem, 
viz.  "  Given  one  system  of  canonical  elements,  to  find  all  the  other  systems." 
This  is  effected  by  means  of  the  second  theorem,  which  is  as  follows : — 

II.  Given  the  systems  of  differential  equations  between  the  variables 
a(av  a,  •  •  am)  and  b(bv  b% . . .  bn) 

da_    dH  db_jAH 

dt &>--    di~dZ"- 

where  H  i  any  function  of  the  variables  a, . . .  and  b, . . . ;  and  let 
a(av  a, . . .  am)  and  fi((iv  /3, . .  /3m)  be  two  new  systems  of  variables  connected 
with  the  preceding  ones  by  the  equations 

where  t//  is  a  function  of  a, . ..  6, . . .  without  t  or  the  other  variables,  then 
expressing  H  as  a  function  of  t  and  the  new  variables  a,  • .  •  and  (i, . . ., 
these  last  variables  are  connected  together  by  equations  of  the  like  form 
with  the  original  system,  viz.  :— 

da_     dH  d/3_     rfH 

de       dj3'-'-    &—"&"" 

Jacobi  concludes  with  the  remark,  that  other  theorems  no  less  general  may 
be  deduced  by  putting  ^+Xi//,  +  fi^s4-  . . .  instead  of  i/>,  and  eliminating  the 
multipliers  X,  /i, . .  by  means  of  the  equations  ^i=0  ,\|>,=0, . .,  and  that  the 
demonstrations  of  the  theorems  are  obtained  without  difficulty. 

39.  Jacobi's  note  of  the  21st  of  November,  1838. — Jacobi  refers  to  a 
memoir  by  Encke  in  the  Berlin  *  Ephemeris'  for  1837,  *  uber  die  Speciellen 
Storungen,'  where  expressions  are  given  for  the  partial  differential  coefficients 
of  the  values  in  the  theory  of  elliptic  motion  of  the  coordinates  x,y*  z  and  the 
velocities  a/,  y*,  z1  with  respect  to  the  elements ;  and  he  remarks,  that  if 
Encke's  elements  are  replaced  by  a  system  of  elements  a,  /3,  y,  a',  /3',  y*  which 
he  mentions,  connected  with  those  of  Encke  by  equations  of  a  simple  form, 
then  considering  first  a?,y,  z,  a^y*,  z*  as  given  functions  of  t  and  the  elements, 
and  afterwards  the  elements  a,  /3,  y,  a',  /3',  y*  as  given  functions  of  t  and 
*>y>z,  x'iy,9z,)  there  exists  the  remarkable  theorem  that  the  thirty-six  partial 

differential  coefficients  -A  -^,  &c,  and  the  thirty-six  partial  differential  co- 
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efficients  2-  -«.  &c.  are  equal  to  each  other,  or  differ  only  in  their  sign,  viz. 
aaf  dp 

dx__     da     dx^da    dJ^da1   d*'_     da 

da ^,da'""^?,5a""S:,  5?"     di'9 

thirty-six  equations  in  all,  viz.  the  pair  a,  a'  of  corresponding  elements  may 
be  replaced  by  the  pair  /3,  /3'  or  y,  y' :  and  then  in  each  of  the  twelve  equa- 
tions y,y  or  z,z*  may  be  written  instead  of  x,x*.  The  like  applies  to  a 
system  of  constants  which  are  the  initial  values  of  any  system  whatever  of 

coordinates  o, . .,  and  the  initial  values  of  the  differential  coefficients  0^=—-, 

dp 

&c.  of  the  force  function  T  with  respect  to/?,.. ;  and  for  every  system  of 
elements  which  possess  the  property  first  mentioned,  the  formula  for  the  varia- 
tions assume  the  simplest  possible  form,  inasmuch  as  the  variation  of  each 
element  is  equal  to  a  single  partial  differential  coefficient  of  the  disturbing 
'unction  unth  the  coefficient  +  1  or  —l$as  is  known  to  be  the  case  with  the 
last-mentioned  system  of  elements ;  in  other  words,  if  a, . . .  and  bf  • .  •  be  a 
system  of  elements  corresponding  to  each  other  in  pairs,  such  that 

jfe—     d&  dp^da  dq__db  dq__     da 
da        dq>  db~~dq'  daT~dp"  alT"^ 

(where  a,  b  may  be  replaced  by  any  other  corresponding  pair  of  elements, 
and  p%  q  by  any  other  corresponding  pair  of  variables),  then  the  elements 
a, . . .  and  0, . . .  form  a  canonical  system. 

40.  Jacobi's  note  of  1840  in  the  *  Comptes  Rendu*,'  calls  attention  to  the 
theorem  contained  in  the  passage  quoted  above  from  Poisson's  memoir  of 
1808,  a  theorem  which  Jacobi  characterizes  as  "  la  plus  profonde  decouverte 
de  M.  Poisson,"  and  as  the  theorem  "  le  plus  important  de  la  M ecanique  et 
de  cette  partie  du  calcul  integrate  qui  s'attache  a  I'integration  dun  systeme 
d*6quations  differentielles  ordinaires" ;  and  he  proceeds,  "  le  theoreme  dont 
il  est  question  Snonce  convenablement  est  le  suivant — un  nombre  quelconque 
de  points  materials  etant  tires  par  des  forces  et  soumis  a  des  conditions  tellea 
que  le  principe  des  forces  vives  ait  lieu,  si  Ton  connait  outre  que  l'integrale 
fournie  par  ce  principe  deux  autres  integrates,  on  en  peut  deduire  une 
troisieme  d'une  manidre  directe  et  sans  meine  employer  des  quadratures. 
En  poursuivant  le  meme  procede  on  pourra  trouver  une  quatri&me  une 
cinqui&me  integrate  et  en  general  on  parviendra  a  cette  maniere  a  dexluire 
des  deux  integrales  donnees  toutes  les  integrales  ou  ce  qui  revient  an  meme 
I'integration  complete  du  probleme.  Dans  des  cos  particuliers  on  retombera 
sur  une  combinaison  des  integrates  de/d  trouvies  avant  quon  soU  parvenu  & 
toutes  les  integrates  du  probleme,  mats  alors  les  deux  integrates  donnies  jouis- 
sent  des  proprietes  particulates  dont  on  peut  tirer  un  autre  profit  pour  rinte- 
gration des  equations  dynamiques  proposes.  C  est  ce  qu'on  Terra  dans  un 
ouvrage  auquel  je  travaille  depuis  plusieurs  annees  et  dont  peut-etre  je 
pourrai  bientdt  faire  commencer  Impression." 

41.  Liouville's  addition  to  Jacobi's  letter  of  1840. — This  contains  the  de- 
monstration of  a  theorem  similar  to  that  given  in  Jacobi's  letter  of  1836,  and 
Poisson's  memoir  of  1837,  but  somewhat  more  general;  the  system  con- 
sidered is  a  system  of  four  differential  equations  of  the  first  order:— 

dx_    dV  d**_        dU  dy_    dU  dy'  dU 

dt~Kd?  eft""     r&'5*~A^' "5"==~Aap 

where  JJ  is  a  (Unction  of  *,y,  **,/,  and  \  is  a  function  of  x,y,  **,/  and  «, 
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One  integral  is  U=fl,  and  if  there  be  another  integral  V=5  where  V  is  a 
function  of  x,y,  rf,y'  only,  then  sf.y1  being  by  means  of  these  two  integrals 
expressed  as  a  function  of  x9y,a,b,  it  is  shown  that  x'dx+y'dy  is  an  exact 

differential,  and  putting  fcc?dx+y'dy)=Q,  then  that  -77= fi  is  a  new  integral 

of  the  given  equations ;  and  in  the  case  where  X  is  a  function  of  t  only,  the 

remaining  integral  is  —  =j\^-ha. 

42.  Binet's  memoir  of  1841  contains  an  exposition  of  the  the^f^o^  {At  n  p  ^ 
variation  of  the  arbitrary  constants  as  applied  to  the  genemVwein  oF*M,f 
equations  /'  ^        m   tux         ' 

where  F  is  any  function  of  /,  and  of  the  coordinates  x,y,  z . .  of  (TiT^itifliiiimi  ^ 
points  of  the  system,  and  of  their  differential  coefficients  a^y,*',  &c,  and 
L=0,  M=0,  &c  are  any  equations  of  equation  between  the  coordinates 
x9y,z,..  of  the  different  points  of  the  system,  these  equations  may  contain 
/,  but  they  must  not  contain  the  differential  coefficients  x,9y'1z,1 . .  The  form 
is  a  more  general  one  than  that  considered  by  Lagrange  and  Poisson.  The 
memoir  contains  an  elegant  investigation  of  the  variations  of  the  elements  of 
the  orbit  of  a  body  acted  upon  by  a  central  force,  the  expressions  for  the 
variations  being  obtained  in  a  canonical  form ;  and  there  is  also  a  discussion 
of  the  problem  suggested  in  Poisson's  report  of  18S0  on  the  manuscript  work 
of  Ostrogradsky. 

43.  Jacobi's  note  of  1842,  in  the  *  Comptes  Rend  us,'  announces  the  general 
principle  (being  a  particular  case  of  the  theorem  of  the  ultimate  multiplier) 
stated  and  demonstrated  in  the  memoir  next  referred  to,  and  gives  also  the 
rule  for  the  formation  of  the  multiplier  in  the  case  to  which  the  general 
principle  applies. 

44.  Jacobi's  memoir  of  1842,  '  De  Motu  Puncti  singularis':  the  author 
remarks,  that  the  greater  the  difficulties  in  the  general  integration  of  the 
equations  of  dynamics,  the  greater  the  care  which  should  be  bestowed  on 
the  examination  of  the  dynamical  problems  in  which  the  integration  can  be 
reduced  to  quadratures ;  and  the  object  of  the  memoir  is  stated  to  be  the 
examination  of  the  simplest  case  of  all,  viz.  the  problems  relating  to  the 
motion  of  a  single  point.  The  first  section,  entitled, '  De  Extensione  quadam 
Principii  Virium  vi varum/  contains  a  remark  which,  though  obvious  enough, 
is  of  considerable  importance :  the  forces  X,  Y,  Z  which  act  upon  a  particle, 
may  be  such  that  Xdx+Ydy+Zdz  is  not  an  exact  differential,  so  that  if  the 
particle  were  free,  there  would  be  no  force  function,  and  the  equations  of 
motion  would  not  be  expressible  in  the  standard  form.  But  if  the  point 
move  on  a  surface  or  a  curve,  then  in  the  former  case  Xdx+Ydy+Zdz 
will  be  reducible  to  the  form  Pdp  +  Qdqy  which  will  be  an  exact  differential 
if  a  single  condition  (instead  of  the  three  conditions  which  are  required  in 
the  case  of  a  free  particle)  be  satisfied,  and  in  the  latter  case  it  will  be 
reducible  to  the  form  Pdp,  which  is,  per  se,  an  exact  differential.  In  the 
case  of  a  surface,  the  requisite  transformation  is  given  by  the  Hamiltonian 
form  of  the  equations  of  motion,  which  Jacobi  demonstrates  for  the  case  in 
hand ;  and  then  in  the  third  section,  with  a  view  to  its  application  to  the 
particular  case,  he  enumerates  the  general  proposition  "  quae  pro  novo  prin- 
pipio  mechanico  haberi  potest,"  which  is  as  follows : — 

"  Consider  the  motion  of  a  system  of  material  points  subjected  to  any 
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conditions,  and  let  the  forces  acting  on  the  several  points  in  the  direction  of 
the  axes  be  functions  of  the  coordinates  alone:  if  the  determination  of  the 
orbits  of  the  several  points  is  reduced  to  the  integration  of  a  single  differ- 
ential equation  of  the  first  order  between  two  variables,  for  this  equation 
there  may  be  found,  by  a  general  rule,  a  multiplier  which  will  render  it 
integrable"  by  quadratures  only." 

And  for  the  particular  case  the  theorem  is  thus  stated : — 
"  Given,  three  differential  equations  of  the  first  order  between  the  four 
quantities  qvqvP\^Pv 

...       f        dT     (TV         <*T-  dT     n 

dqx :  dq%  :  dpx :  dp^  :  ^  :  -^+0,  :  -^+0,, 

in  which  Qv  Q9  are  functions  of  qv  qt  only ;  and  suppose  that  there  are 

known  two  integrals  a,/3,  and  that  by  the  aid  of  these  pvpv  -j— ,  -j—  are 

dP\  dPt 
expressed  by  means  of  the  quantities  qvq9  and  the  arbitrary  constants 
a,  (3 ;  there  then  remains  to  be  integrated  an  equation  of  the  first  order, 

— dqi———dql=0  between  the  quantities  qvqt,  by  which  is  determined 
dpx         dpa 

the  orbit  of  the  point  on  the  given  surface :  I  say  that  the  left-hand  side  of 
the  equation  multiplied  by  the  factor 

dpx  dp2    dp%  dpx 
da  dj3     da  d(}' 

will  be  a  complete  differential,  or  will  be  integrable  by  quadratures  alone," 
and  the  demonstration  of  the  theorem  is  given.  The  remainder  of  the 
memoir,  sections  4  to  7,  is  occupied  by  a  very  interesting  discussion  of 
various  important  special  problems. 

45.  There  is  an  important  memoir  by  Jacobi,  which,  as  it  relates  to  a 
special  problem,  I  will  merely  refer  to,  viz.  the  memoir  '  Sur  1' Elimination 
des  Noeuds  dans  le  probleme  des  trois  Corps,'  Crelle,  t.  xxvii.  pp.  1 15-131 
(1843).  The  solution  is  made  to  depend  upon  six  differential  equations,  all 
of  them  of  the  first  order  except  one,  which  is  of  the  second  order,  and 
upon  a  quadrature. 

46.  Jacobi's  memoir  of  1844,  *  Theoria  Novi  Multiplicands,'  &c. — This 
is  an  elaborate  memoir  establishing  the  definition  and  developing  the  pro- 
perties of  the  "multiplier"  of  a  system  of  ordinary  differential  equations,  or 
of  a  linear  partial  differential  equation  of  the  first  order,  with  applications  to 
various  systems  of  differential  equations,  and  in  particular  to  the  differential 
equations  of  dynamics.  The  definition  of  the  multiplier  is  as  follows,  viz. 
the  multiplier  of  the  system  of  differential  equations 

dx:dy:dz:dw..  .=X:Y:Z:W... 

or  of  the  linear  partial  differential  equation  of  the  first  order 

4t*$«f +«£♦•- 

is  a  function  M,  such  that 

rfMX  ,  dMY^dMZ  ,  rfMW 

One  of  the  properties  of  the  multiplier  is  that  contained  in  the  theorem  of 
the  ultimate  multiplier,  viz.  that  when  all  the  integrals  (except  one)  of  the 
system  of  partial  differential  equations  are  known,  and  the  system  is  thereby 
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reduced  to  a  single  differential  equation  between  two  variables,  then  t^e 
multiplier  (in  the  ordinary  sense  of  the  word)  of  this  last  equation  is  M V, 
where  M  is  the  multiplier  of  the  system,  and  V  is  a  given  derivative  of  the 
known  integrals,  so  that  the  multiplier  of  the  system  being  known,  the  in- 
tegration of  the  last  differential  equation  is  reduced  to  a  mere  quadrature. 
To  explain  the  theorem  more  particularly,  suppose  that  the  system  of  given 
integrals,  that  is,  all  the  integrals  (except  one )  of  the  system  are  represented 
by/?=a,  9=/J,  • . .,  and  let  u,  v  be  any  two  functions  whatever  of  the  variables, 
so  that/?,  q, . . .  w,  v  are  in  number  equal  to  the  system  x, y%  zy  w, . . .  then  if 

4+tJ+iJ+w*  +  ..-v. 

the  last  differential  equation  takes  the  form 

U<fo-Vrftt=0, 

where  it  is  assumed  that  U  and  V  are,  by  the  assistance  of  the  given  in- 
tegrals, expressed  as  functions  of  t/,  v  and  the  constants  of  integration.  The 
multiplier  of  the  last-mentioned  equation  is  MV,  where  M  is  the  multiplier 
of  the  system,  and  V  may  be  expressed  in  either  of  the  two  forms 

_  d(*,y,j,tg,....) 


and 


V        d(a,/J,....u,t>) 

(3(;>,  ?,.... «,tQ1  -»; 


where  the  symbols  on  the  right-hand  sides  represent  functional  determinants ; 
in  the  first  form  it  is  assumed  that  x*y>  z,w, ..  are  expressed  as  functions  of 
a,  p, . . .  u,  vf  and  in  the  second  form  that  p,  q, . . . «,  v  are  expressed  as  func- 
tions of  x9y,z,w, ...,  but  that  ultimately  p,  q, ...  are  replaced  by  their 
values  in  terms  of  the  constants  and  u,  v ;  the  first  of  the  two  forms,  from  its 
not  involving  this  transformation  backwards,  appears  the  more  convenient. 
47.  I  have  thought  it  worth  while  to  quote  the  theorem  in  its  general 
form,  but  we  may  take  for  «,  v  any  two  of  the  original  variables,  and  if,  to 
fix  the  ideas,  it  is  assumed  that  there  are  in  all  the  four  variables  x9y,  z,  to, 
then  the  theorem  will  be  stated  more  simply  as  follows : — given  the  system 
of  differential  equations 

dx  :  dy  :  dz  :  dw = X :  Y :  Z  :  W, 

and  suppose  that  two  of  the  integrals  are/?=a,y=/3,  the  last  equation  to  be 
integrated  will  be 

Wc&— Zc?!0=:O, 

where,  by  the  assistance  of  the  given  integrals,  W,  Z  are  expressed  as  func- 
tions of  zy  to.  And  the  multiplier  of  this  equation  is  MV,  where  M  is  the 
multiplier  of  the  system,  and  V,  attending  only  to  the  first  of  the  two  forms, 
is  given  by  the  equation 

V       3(a,/3)' 
which  supposes  that  x9  y  are  expressed  as  functions  of  a,  /?,  z,  to. 
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48.  Jacobi  applies  the  theorem  of  the  ultimate  multiplier  to  the  dif- 
ferential equations  of  dynamics,  considered  first  in  the  unreduced  La- 
grangian  form,  where  the  coordinates  are  connected  by  any  given  system  of 
equations  of  condition ;  secondly,  in  the  reduced  or  ordinary  Lagrangian 
form ;  and,  thirdly,  in  the  Hamiltonian  form.  The  multiplier  can  be  found 
for  the  first  two  forms,  and  the  expressions  obtained  are  simple  and  elegant ; 
but,  as  regards  the  third  form,  there  is  a  further  simplification  :  the  multiplier 
M  of  the  system  is  equal  to  the  unity,  and  the  multiplier  of  the  last  equation 
is  therefore  equal  to  V.  The  two  cases  are  to  be  distinguished  in  which  t 
does  not,  or  does  enter  into  the  equations  of  motion  ;  in  the  latter  case  the 
theorem  furnished  by  the  principle  of  the  ultimate  multiple  is  the  same  as 
for  the  general  case  of  a  system,  the  multiplier  of  which  is  known,  viz.,  the 
theorem  is,  given  all  the  integrals  except  one,  the  remaining  integral  can  be 
found  by  quadratures  only.  But  in  the  former  case,  which  is  the  ordinary 
one,  including  all  the  problems  in  which  the  condition  of  vis  viva  is 
satisfied,  there  is  a  further  consequence  deduced.  In  fact,  the  time  t  may 
be  separated  from  the  other  variables,  and  the  system  of  differential  equa- 
tions reduced  to  a  system  not  involving  the  time,  and  containing  a  number 
of  equations  less  by  unity  than  the  original  system,  and  the  theorem  of  the 
ultimate  multiplier  applies  to  this  new  system.  But  when  the  integrals  of 
the  new  system  have  been  obtained,  the  system  may  be  completed  by  the 
addition  of  a  single  differential  equation  involving  the  time,  and  which  is 
integrable  by  quadratures;  the  theorem  consequently  is,  given  all  the 
integrals  except  two,  these  given  integrals  being  independent  of  the  time, 
the  remaining  integrals  can  be  found  by  quadratures  only.  This  is,  in  fact, 
the  *  Principium  generate  mechanicum'  of  the  memoir  of  1842. 

The  last  of  the  published  writings  of  Jacobi  on  the  subject  of  dynamics 
are  the  '  Auszug  zweier  Schreiben  des  Professors  Jacobi  an  Herrn  Director 
Hansen/  Crelle,  t  xlii.  pp.  12-31  (1851):  these  relate  chiefly  to  Hansen's 
theory  of  ideal  coordinates. 

'49.  The  very  interesting  investigations  contained  in  several  memoirs  by 
Liouville  ('  Liouville,'  t.  xi.  xii.  and  xiv.,  and  the  additions  to  the  '  Con- 
naissance  des  Temps'  for  1849  and  1850)  in  relation  to  the  cases  in  which 
the  equations  of  motion  of  a  particle  or  system  of  particles  admit  of  integra- 
tion, are  based  upon  Jacobi's  theory  of  the  S  function,  that  is,  of  the  function 
which  is  the  complete  solution  of  a  certain  partial  differential  equation  of 
the  first  order ;  the  equation  is  given,  in  the  first  instance,  in  rectangular 
coordinates,  and  the  author  transforms  it  by  means  of  elliptic  coordinates 
or  otherwise,  and  he  then  inquires  in  what  cases,  that  is,  for  what  forms  of 
the  force  function,  the  equation  is  one  which  admits  of  solution.  A  more 
particular  account  of  these  memoirs  does  not  come  within  the  plan  of  the 
present  report. 

50.  Desbove's  memoir  of  1848  contains  a  demonstration  of  the  two 
theorems  given  in  Jacobi's  note  of  1837,  in  the  '  Comptes  Rend  us ;'  and,  as 
the  title  imports,  there  is  an  application  of  the  theory  to  the  problem  of  the 
planetary  perturbations ;  the  author  refers  to  the  above-mentioned  memoirs 
of  Liouville  as  containing  a  solution  of  the  partial  differential  equation  on 
which  the  problem  depends,  and  also  to  a  memoir  of  his  own  relating  to  the 
problem  of  two  centres,  where  the  solution  is  also  given ;  and  from  this 
he  deduces  the  solution  just  referred  to,  and  which  is  employed  in  the 
present  memoir.  Jacobi's  theorem  gives  at  once  the  formulae  for  the  varia- 
tion of  the  arbitrary  constants  contained  in  the  solution.  The  material 
thing  is  to  determine  the  signification  of  these  constants,  which  can  of 
course  be  done  by  a  comparison  of  the  forraulw  with  the  known  formulae  of 
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elliptic  motion ;  the  author  is  thus  led  to  a  syBtera  of  canonical  elements 
similar  to,  but  uot  identical  with,  those  obtained  by  Jacobi. 

51*  Serret's  two  notes  of  1848  in  the  '  Comptes  Rendus.' — These  relate 
to  the  theory  of  Jacobi  b  S  function,  that  is,  of  the  function  considered  as  the 
complete  solution  of  a  given  partial  differential  equation  of  the  first  order. 
In  the  first  of  the  two  notes,  which  relates  to  a  single  particle,  the  author 
gives  a  demonstration  founded  on  a  particular  choice  of  variables,  viz., 
those  which  determine  orthotomic  surfaces  to  the  curve  described  by  the 
moving  point.    The  process  appears  somewhat  artificial. 

52.  Sturm's  note  of  1848,  in  the  '  Comptes  Rendus,'  relates  to  the  theory 
of  Jacobi  s  S  function,  that  is,  of  this  function  considered  as  the  complete 
solution  of  a  given  partial  differential  equation  of  the  first  order.  The 
force  function  is  considered  as  involving  the  time  t,  which,  however,  is  no 
more  than  had  been  previously  done  by  Jacobi. 

53.  Ostrogradsky  s  note  of  1848. — This  contains  an  important  step  in  the 
theory  of  the  forms  of  the  equations  of  motion,  viz.  it  is  shown  how,  in  the 
case  where  the  force  function  contains  the  time,  the  equations,  of  motion 
may  be  transformed  from  the  form  of  Lagrange  to  that  of  Sir  W.  R.  Ha* 
milton.  If,  as  before,  the  force  function  (taken  with  the  contrary  sign  to 
that  of  Lagrange)  is  represented  by  U.  then  putting,  as  before,  T+U^Z 
(the  author  writes  V  instead  of  Z),  in  the  case  under  consideration  Z  will 
contain  not  only  terms  of  the  second  order  and  terms  of  the  order  zero  in  the 
differential  coefficients  of  the  coordinates  9, .  • .,  but  also  terms  of  the  first 
order,  that  is,  Z  will  be  of  the  form  Z=Z,+Z, +ZV  and  putting  H=Z,— Zv 
this  new  function  H  being  expressed  as  a  function  of  the  coordinates  y, .. 
and  of  the  new  variables  p, .  • «,  then  the  equations  of  motion  take  the  Ha- 
miltonian  form,  via. — 

dg^dH  dp__dH 
dt     dp*  dt         dq' 

In  the  theory  of  the  transformation,  as  originally  given  by  Sir  W.  R.  Hamil- 
ton, Z,=:T,  Zl=0,  Z0=U,  and,  consequently,  H=Z9— Z0=T— U  as 
before. 

54.  Brassinne's  memoir  of  1851. — The  author  reproduces  for  the  La- 
grangian  equations  of  motion 

rf  dZ     dZ~ 
dt  dH"di  ~°9 

m 

the  demonstration  of  the  theorem 


df^dlKP      AdZ*tt       \     _ 


and  he  shows  that  a  similar  theorem  exists  with  regard  to  the  system 

_d^  dZ     d  dz     dZ 
df<Qr+didF~dZS*0i 

and  with  respect  to  the  corresponding  system  of  the  with  order.  The 
system  in  question,  which  is,  in  fact,  the  general  form  of  the  system  of 
equations  arising  from  a  problem  in  the  calculus  of  variations,  had  pre- 
viously been  treated  of  by  Jacobi,  but  the  theorem  is  probably  new.  In 
conclusion,  the  author  shows  in  a  very  elegant  manner  the  interdependence 
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of  the  theorem  relating  to  Lagrange's  coefficients  (a,  b),  and  of  the  corre- 
sponding theorem  for  the  coefficients  of  Poisson. 

55.  Bertrand's  memoir  of  1851,  *  On  the  Integrals  common  to  several 
Mechanical  Problems/  is  one  of  great  importance,  but  it  is  not  very  easy 
to  explain  its  relation  to  other  investigations.  The  author  remarks  that, 
given  the  integral  of  a  mechanical  problem,  it  is  in  general  a  question  ad- 
mitting of  determinate  solution  to  find  the  expression  for  the  forces ;  in 
other  words,  to  determine  the  problem  which  has  given  rise  to  the  integral ; 
at  least,  this  is  the  case  when  it  is  assumed  that  the  forces  are  functions  of 
the  coordinates,  without  the  time  or  the  velocities ;  and  he  points  out  how 
the  solution  of  the  question  is  to  be  obtained.  But,  in  certain  cases,  the 
method  fails,  that  is,  it  leads  to  expressions  which  are  not  sufficient  for  the 
determination  of  the  forces;  these  are  the  only  cases  in  which  the  given 
integral  can  belong  to  several  different  problems;  and  the  method  shows 
the  conditions  necessary,  in  order  that  these  cases  may  present  themselves. 
It  is  to  be  remarked  that  the  given  integral  must  be  understood  to  be  one 
of  an  absolutely  definite  form,  such  for  instance  as  the  equations  of  the 
conservation  of  the  motion  of  the  centre  of  gravity  or  of  areas,  but  not  such 
as  the  equation  of  vis  viva,  which  is  a  property  common  indeed  to  a 
variety  of  mechanical  problems,  but  which  involves  the  forces,  and  is  there- 
fore not  the  same  equation  for  different  problems.  The  author  studies  in 
particular  the  case  where  the  system  consists  of  a  single  particle;  he  shows, 
that  when  the  motion  is  in  a  plane,  the  integrals  capable  of  belonging  to 
two  or  more  different  problems  are  two  in  number,  each  of  them  involving 
as  a  particular  case  the  equation  of  areas.  When  the  point  moves  on  a 
surface,  he  arrives  at  the  remarkable  theorem — "  In  order  that  the  equa- 
tions of  motion  of  a  point  moving  on  a  surface  may  have  an  integral  inde- 
pendent of  the  time,  and  common  to  two  or  more  problems,  it  is  necessary 
that  the  surface  should  be  a  surface  of  revolution,  or  one  which  is  develop- 
able upon  a  surface  of  revolution."  When  the  condition  is  satisfied,  he  gives 
the  form  of  the  integral,  and  the  general  expression  of  the  forces  in  the 
problems  for  which  such  integral  exists.  He  examines,  lastly,  the  general 
case  of  a  point  moving  freely  in  space.  The  number  of  integrals  common  to 
several  problems  is  here  infinite.  After  giving  a  general  form  which  com- 
prehends them  all,  the  author  shows  how  to  obtain  as  many  particular 
forms  as  may  be  desired :  it  is,  in  fact,  only  necessary  to  resolve  any  pro- 
blem relative  to  motion  in  a  plane,  and  to  effect  a  certain  simple  trans- 
formation on  the  integrals ;  one  thus  obtains  a  new  equation  which  is  the 
integral  of  an  infinite  number  of  different  problems  relating  to  the  motion 
in  space." 

As  an  instance  of  the  analytical  forms  on  which  these  remarkable  results 
depend,  I  quote  the  following,  which  is  one  of  the  most  simple  : — "  If  an 
integral  of  the  equations  of  motion  of  a  point  in  a  plane  belongs  to  two  dif- 
ferent problems,  it  is  of  the  form 

a=F(0',a:,y,O, 

where  <j>!  is  the  derivative  with  respect  to  t>  of  a  function  of  or,  y,  which 
equated  to  zero  gives  the  equation  of  a  system  of  right  lines." 

56.  Bertrand's  memoir  of  1851,  'On  the  Integration  of  the  Differential 
Equations  of  Dynamics.* — The  author  refers  to  Jacobi's  note  of  1840,  in 
relation  to  Poisson's  theorem;  and  after  remarking  that  there  are  very  few 
problems  of  which  two  integrals  are  not  known,  and  which  therefore  might 
not  be  solved  by  the  method  if  it  never  failed ;  he  observes  that  unfor- 
tunately there  are  (as  was  known)  cases  of  exception,  and  that,  as  his  me- 
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moir  shows,  these  cases  are  far  more  numerous  than  those  to  which  the 
method  applies ;  thus  for  example  the  equation  of  vis  viva,  combined  with 
any  other  integral  whatever,  leads  to  an  illusory  result.  The  theorem  of 
Poisson  may  lead  to  an  illusory  result  in  two  ways ;  either  the  resulting 
integral  may  be  an  identity  0=0,  or  it  may  be  an  integral  contained  in  the 
integrals  already  known,  and  which  consequently  does  not  help  the  solu- 
tion. It  appears  by  the  memoir  that  the  two  cases  are  substantially  the 
same,  and  that  it  is  sufficient  to  study  the  case  in  which  the  two  integrals 
lead  to  the  identity  0=0.  Suppose  that  one  integral  is  given,  the  author 
shows  that  there  always  exist  integrals  which,  combined  with  the  given 
integral,  lead  to  an  illusory  result,  and  he  shows  how  the  integrals  which, 
combined  with  the  given  integral,  lead  to  such  illusory  result,  are  to  be 
obtained.  For  instance,  in  the  case  of  a  body  moving  round  a  fixed  centre, 
there  are  here  two  known  integrals ;  first,  the  equation  of  vis  viva  (but  this, 
as  already  remarked,  combined  with  any  other  integral  whatever,  leads  to  an 
illusory  result);  secondly,  the  equation  of  areas. 

The  question  arises,  what  are  the  integrals  which,  combined  with  the 
equation  of  areas,  lead  to  an  illusory  result?  The  integrals  in  question 
are,  in  fact,  the  other  two  integrals  of  the  problem ;  so  that  the  inquiry  into 
the  integrals  which  give  an  illusory  result,  leads  here  to  the  completion  of 
the  solution.  The  like  happens  in  two  other  cases  which  are  considered, 
viz.  1.  the  problem  of  two  fixed  centres,  and  the  problem  of  motion  in  piano 
when  the  forces  are  homogeneous  functions  of  the  coordinates  of  the  degree. 
2.  Indeed  the  case  is  the  same  for  all  problems  whatever,  where  the  co- 
ordinates of  the  points  of  the  system  can  be  expressed  by  means  of  two  inde- 
pendent variables. 

The  next  problem  considered  is  that  where  two  bodies  attract  each  other, 
and  are  attracted  to  a  fixed  centre.  Suppose,  first,  the  motion  is  in  piano, 
then  as  in  the  former  case  all  the  integrals  will  be  found  by  seeking  for 
the  integrals  which,  combined  with  the  equation  of  areas,  give  an  illusory 
result  When  the  motion  is  in  space,  the  principle  of  areas  furnishes  three 
integrals  (the  equation  of  vis  viva  is  contained  in  these  three  equations) ; 
the  integrals  which,  combined  with  the  integrals  in  question,  give  illusory 
results,  are  eight  in  number,  and,  to  complete  the  solution,  there  roust  be 
added  to  these  one  other  integral,  which  alone  does  not  put  the  method  in 
default  The  problem  of  three  bodies  is  then  shown  to  be  reducible  to  the 
last-mentioned  problem;  and  the  same  consequences  therefore  hold  good 
with  respect  to  the  problem  of  three  bodies,  viz.,  there  are  eight  integrals 
which,  combined  with  the  integrals  furnished  by  the  principle  of  areas,  give 
illusory  results.  To  complete  the  solution  it  would  be  necessary  to  add  to 
these  a  ninth  integral,  which  alone  would  not  put  the  method  into  default 

57.  The  author  remarks  that  it  appears  by  the  preceding  enumeration 
that  the  method  of  integration,  based  on  the  theorem  of  Poisson,  is  far 
from  having  all  the  importance  attributed  to  it  by  Jacobi.  The  cases  of 
exception  are  numerous;  they  constitute,  in  certain  cases,  the  complete 
solutions  of  the  problems,  and  embrace  in  other  cases  eleven  integrals  out 
of  twelve.  But  it  would  be  a  misapprehension  of  his  meaning  to  suppose 
that,  according  to  him,  the  cases  in  which  Poisson  s  theorem  is  usefully 
applicable  ought  to  be  considered  as  exceptions.  The  expression  would  not 
be  correct  even  for  the  problems,  which  are  completely  resolved  in  seeking 
for  the  integrals  which  put  the  method  into  default ;  there  exists  for  these 
problems,  it  is  true,  a  system  of  integrals  which  give  illusory  results;  but 
these  integrals,  combined  in  a  suitable  manner,  might  furnish  others  to 
which  the  theorem  could  be  usefully  applied. 
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The  author  remarks,  that,  in  seeking  the  cases  of  exception  to  Poisson's 
theorem,  there  is  obtained  a  new  method  of  integration,  which  may  lead  to 
useful  results ;  and,  after  referring  to  Jacobi's  memoir  on  the  elimination  of 
the  nodes  in  the  problem  of  three  bodies,  he  remarks  that,  by  his  own  new 
method,  the  problem  is  reduced  to  the  integration  of  six  equations,  all  of 
them  of  the  first  order ;  so  that  he  effectuates  one  more  integration  than  had 
been  done  by  Jacobi ;  and  he  refers  to  a  future  memoir  (not,  I  believe,  yet 
published)  for  the  further  development  of  his  solution. 

58.  To  give  an  idea  of  the  analytical  investigations,  the  equations  of 
motion  are  considered  under  the  Hamiltonian  form 

dt~dpJdt~     dg9 

where  H  is  any  function  whatever  of  q> . . .  pf . . .  without  t,  and  then  a  given 
integral  being 

a=</>(y,  ../*, ...), 

the  question  is  shown  to  resolve  itself  into  the  determination  of  an  integral 
j3=iK0,... />,...),  such  that  identically  (a,/3)=0  or  else  (a,  j3)=l,  where 
(a,  /3)  represents,  as  before,  Poisson's  symbol,  viz. 

if  for  shortness 

Z(a,(J)_dadli     dadfi 

*(?>P)  dqdp  dp*? 
The  partial  differential  equations  (a,/3)=0  or  (a,/3)=l,  satisfied  by  cer- 
tain integrals  ft  are  in  certain  cases,  as  Bertrand  remarks,  a  precious  method 
of  integration  leading  to  the  classification  of  the  integrals  of  a  problem,  so 
as  to  facilitate  their  ulterior  determination  :  it  is  in  fact  by  means  of  them 
that  the  several  results  before  referred  to  are  obtained  in  the  memoir. 

59.  Bertrand's  note  of  1852  in  the  '  Comptes  Rendus.'— This  contains  the 
demonstration  of  a  theorem  analogous  to  Poisson's  theorem  (a,  ft) = const, 
but  the  function  on  the  left-hand  side  is  a  function  involving  four  of  the 
arbitary  constants  and  binary  combinations  of  pairs  of  corresponding  vari- 
ables, instead  of  two  arbitrary  constants  and  the  series  of  pairs  of  corre- 
sponding variables. 

60.  Bertrand's  notes,  vi.  and  vii.,  to  the  third  edition  of  the  *  Mtcanique 
Analytique,'  1853,  contain  a  concise  and  elegant  exposition  of  various 
theorems  which  have  been  considered  in  the  present  report.  The  latter  of 
the  two  notes  relates  to  the  above-mentioned  theorem  of  Poisson,  and  places 
the  theorem  in  a  very  clear  light,  in  fact,  establishing  its  connexion  with  the 
theory  of  canonical  integrals.  Bertrand  in  fact  shows,  that,  given  any  in- 
tegral a  of  the  differential  equations  (in  the  last-mentioned  form,  the  whole 
number  of  equations  being  2k),  then  the  solution  may  be  completed  by 
joining  to  the  integral  a  a  system  of  integrals  ft,  ft  ...ft*_i>  which,  com- 
bined with  the  integral  a,  give  to  Poisson's  equation  an-  identical  form,  viz. 
which  are  such  that 

(n,ft,)=l  (<!,&)=(),...  (a,^.,)^. 
This,  he  remarks,  shows,  that,  given  any  integral  a,  the  solution  of  the  pro- 
blem may  be  completed  by  integrals  0„/Jf ...  /8tt_,,  which,  combined  with 
a,  give  all  of  them  an  identical  form  to  the  theorem  of  Poisson.  Bat  it  is 
not  to  be  supposed  that  all  the  integrals  of  the  problem  are  in  the  same  case 
In  fact,  the  most  general  integral  is  n* w(a,  ft,  ft . .  ft*_i)>  and  it  is  at  once 
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seen  that  (a,  ij)=(a,/31)  —?.=-?.,  consequently  the  expression  (a,  if)  will 
ojPi     api 

not  be  identically  constant  unless  -—-  is  so :  but  the  integrals,  in  number 

infinite,  which  result  from  the  combination  of  a,  with  /3Q, /33...  fizk-i  com" 
bined  with  the  integral  a,  give  identical  results.  Only  the  integrals  which 
contain  /3,  lead  to  results  which  are  not  identical.  The  integrals  a  and  /3p 
connected  together  in  the  above  special  manner,  are  termed  by  the  author 
conjugate  integrals. 

61.  Brioschi's  two  notes  of  1853. — The  memoir  '  Sulla  Variazione,'  &c. 
contains  reflections  and  developments  in  relation  to  Bertrand's  method  of 
integration  and  to  canonical  systems  of  integral*,  but  I  do  not  perceive  that 
any  new  results  are  obtained. 

The  note,  *  Intorno  ad  un  Teorema  di  Meccanica,'  contains  a  demonstration 
of  the  theorem  in  Bertrand's  note  of  1852  in  the  '  Comptes  Rendus,'  and  an 
extension  of  the  theorem  to  the  case  of  a  combination  of  any  even  number 
of  the  arbitrary  constants ;  the  value  of  the  symbol  is  shown  by  the  theory 
of  determinants  to  be  a  function  of  the  Poissonian  coefficients  (a,  /3),  and  as 
these  are  constants,  the  value  of  the  symbol  considered  is  also  constant. 

62.  Liouville's  note  of  the  29th  of  June,  1853*,  contains  the  enunciation 
of  a  theorem  which  completes  the  investigations  contained  in  Poisson's 
memoir  of  1837.  The  equations  considered  are  the  Hamiltonian  equations 
in  their  most  general  form,  viz.,  H  is  any  function  whatever  of  t  and  the 
other  variables  :  it  is  assumed  that  half  of  the  integrals  are  known,  and  that 
the  given  integrals  are  such  that  for  any  two  of  them  a,  fl9  Poisson's  coeffi- 
cient (a,  ft)  is  equal  to  zero ;  this  being  so,  the  expression  pdq+  ...  —  Udi9 
where,  by  means  of  the  known  integrals,  the  variables  p, . .  are  expressed  in 
terms  of  q, • . . t9  is  a  complete  differential  in  respect  to  q,...tf  viz.  it  will  be 
the  differential  of  Sir  W.  R.  Hamilton's  principal  function  V,  which  is  thus 
determined  by  means  of  the  known  integrals,  and  the  remaining  integrals  are 
then  given  at  once  by  the  general  theory. 

63.  Professor  Donkin's  memoir  of  1854  and  1855,  Part  I.  (sections  1,  2 
3,  articles  1  to  48). — The  author  refers  to  the  researches  of  Lagrange, 
Poisson,  Sir  W.  R.  Hamilton,  and  Jacobi,  aud  he  remarks  that  hit  own 
investigations  do  not  pretend  to  make  any  important  step  in  advance.  The 
investigations  contained  in  section  1,  articles  1  to  1 4,  establish  by  an  inverse 
process  (that  is,  one  setting  out  from  the  integral  equations)  the  chief  con- 
clusions of  the  theories  of  Sir  W.  R.  Hamilton  and  Jacobi,  and  in  particular 
those  relating  to  the  canonical  system  of  elements  as  given  by  Jaoobi't 
theory.  The  theorem  (3),  article  1,  which  is  a  very  general  property  of 
functional  determinants,  is  referred  to  as  probably  new.  The  most  im- 
portant results  of  this  portion  of  the  memoir  are  recapitulated  iu  section  4, 
in  the  form  of  seven  theorems  there  given  without  demonstration ;  some  of 
these  will  be  presently  again  referred  to.  Articles  17  and  18  contain,  I 
believe,  the  only  demonstration  which  has  been  given  of  the  equivalence  of 
the  generalised  Lagrangian  and  Hamiltonian  systems.  The  transformation 
is  as  follows :  the  generalised  Lagrangian  system  is 

*  TJje  date  is  that  of  the  communication  of  the  note  to  the  Bureau  of  Longitudes,  but 
the  note  is  only  published  in  UouviHe's  Journal  in  the  Hay  Number  for  18&5,  which  Is 
subsequent  to  the  date  of  the  second  part  of  Professor  Donkin's  memoir  in  the  '  Philosophical 
Transactions/  which  contains  the  theorem  in  the  question.  I  have  not  had  the  oppor- 
tunity of  seeing  a  thesis  by  M.  Adrien  Lafon,  Paris,  1854,  where  Liouyille's  theorem  h 
Quoted  and  demonstrated. 
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d_  dZ^dZ 
dt  dq'~dq% 

where  Z  is  any  function  of  /  and  of  q, . . .  a*, . . .     And  writing  j-i=P>  •  •  •> 

then  if  H=  —  Z+qfp+  . ..,  where,  on  the  right-hand  side,  q*,..  are  ex- 
pressed in  terms  of  t,  q, . .  p, . . .,  so  that  H  is  a  function  of  {,  q9 .  • .  p, . . . ; 
then  the  theorems  in  the  preceding  articles  show  that 

dq_dU  dp__jMl 
dt~dp'dt~     dq' 

which  is  the  generalised  Hamiltonian  system. 

In  section  2,  articles  21  and  22,  there  is  an  elegant  demonstration,  by 
means  of  the  Hamiltonian  equations,  of  the  theorem  in  relation  to  Poisson  s 
coefficients  (a,  b),  viz.,  that  these  coefficients  are  functions  of  the  elements 
only.  And  there  are  contained  various  developments  as  to  the  consequences 
of  this  theorem ;  and  as  to  systems  of  canonical,  or,  as  the  author  calls 
them,  normal  elements.  The  latter  part  of  the  -section  and  section  S, 
relate  principally  to  the  special  problems  of  the  motion  of  a  body  under  the 
action  of  a  central  force,  and  of  the  motion  of  rotation  of  a  solid  body. 

64.  Part  II.  (sections  4,  5,  6  and  7,  articles  49-93,  appendices). — Section 
4  contains  the  seven  theorems  before  referred  to.  Although  not  given  as 
new  theorems,  yet,  to  a  considerable  extent,  and  in  form  and  point  of  view, 
they  are  new  theorems. 

Theorem  1  is  a  theorem  standing  apart  from  the  others,  and  which  is  used 
in  the  demonstration  of  the  transformation  from  the  Lagrangian  to  the 
Hamiltonian  system.  It  is  as  follows :  viz.,  if  X  be  a  function  of  the  n  vari- 
ables*,...,  and  ify, ...  be  n  other  variables  connected  with  these  by  the 
n  equations 

dX 
dx 

then  will  the  values  of  *, . . .,  expressed  by  means  of  these  equations  in 
terms  of  y, . . .,  be  of  the  form 

_rfY 
and  itp  be  any  other  quantity  explicitly  contained  in  X,  then  also 

d£+dp-0f 

the  differentiation  with  respect  to  p  being  in  each  case  performed  only  so 
far  as  p  appears  explicitly  in  the  function. 
The  value  of  Y  is  given  by  the  equation 

Y=-X+ay+... 

where,  on  the  right-hand  side,  x, . . .  are  expressed  in  terms  of  y,  •  •  • 

Theorems  2,  3  and  4,  and  a  supplemental  theorem  in  article  50,  relate  to 
the  deduction  of  the  generalised  Hamiltonian  system  of  differential  equa- 
tions from  the  integral  equations  assumed  to  be  known.  In  fact  (writing 
V,  q9 ...»,.. .  6, •  •  •  a, . . .,  instead  of  the  authors  X,  xx . . .  x%%  y , . . .  y„f 
a, . . .  a„  ox . .  •  bn)t  it  is  assumed  that  V  is  a  given  function  of  i,  of  the  n  va- 
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rubles  y,...,  and  of  the  n  constants  6, . . .,  and  that  the  n  variables/), . . ., 
and  the  n  constants  a, .. .,  are  determined  by  the  conditions 

dV  /IN 


dV 
db=°> 


(2) 


so  that  in  fact  by  virtue  of  these  2»  equations  the  2»  variables  X,  gr, . . . 
/?,...  may  be  considered  as  functions  of  t,  and  the  2»  constants  b, . . .  a, . .  • 
'  (hypothesis  1),  or  conversely,  the  2»  constants  £, ...  «,...,  may  be  con- 
sidered as  functions  of  t  and  of  the  2n  variables  qt . . .  p, . . .  (hypothesis  2). 
Theorem  2  is  as  follows:  viz.,  if  from  the  2»  equations  (1,2)  and  their 
4  total  differential  coefficients  with  respect  to  t,  the  2n  constants  be  elimi- 
nated, there  will  result  the  following  2»  simultaneous  differential  equations 
of  the  first  order,  viz, : — 

dq_     dH 
dt~      dp  " 
dp__JH 

*"     d<i  " 
where  H  is  a  function  of  gf . . .  p, , .  •  (which  will  in  general  also  contain  t 
explicitly),  and  is  given  by  the  equation 

H — W 

dV 

where,  on  the  right-hand  side,  the  differential  coefficient  —  is  taken  with 

at 

respect  to  £,  in  so  far  as  t  appears  explicitly  in  the  original  expression  for  V 

in  terms  of  g, . . .  b, .  • .  and  t,  and  after  the  differentiation,  ft,  • . .,  are  to  be 

expressed  in  terms  of  the  variables  and  I,  by  means  of  the  equations  (1). 

Theorem  3  is,  that  there  exists  the  following  relations,  viz. : — 

dq^  da  dg__     db 

db~~  dp*  daT~     dp  ' " 

dp__  da  dp^     db 

db"  ty%da~~dq* 

*  where  (p>q)  are  any  corresponding  pair  out  of  the  syfetemv  /t...and 
qn .. .,  and  (6, a)  are  any  corresponding  pair  out  of  the  systems  b, ...  and 
Oy. .  ^  so  that  the  total  number  of  equations  is  4»2 :  in  each  of  the  equations 
the  left-hand  side  refers  to  hypothesis  1,  and  the  right-hand  side  to  hypo- 
thesis 2. 

To  these  theorems  should  be  added  the  supplemental  theorem  contained 
in  article  50,  viz.,  that  there  subsists  also  the  system  of  equations 

db_     dH 
dT     da'" 
>  da_     dH 

dt"~     db'" 
I    where  the  left-hand  sides  refer  to  hypothesis  2,  while  the  right-hand. sides 
refer  to  hypothesis  1,  as  before  H=  —  -^  but  here  H  is  differentially  ex- 
pressed, being  what  the  H  of  theorem  3  becomes  when  the  variables  are 
expressed  according  to  hypothesis  1. 
j      1857.  D 
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In  theorem  4  the  author's  symbol  (p,q)  has  a  signification  such  as 
Poisson's  (a,  6),  and  if  we  write  as  before 

where 

d(a,  b)__da  db     db  da 

d(p>q)~~dpdq~dp  dq 

(this  refers  of  course  to  hypothesis  2),  the  theorem  is,  that  the  following 
equations  subsist  identically,  viz.,  b,  a  being  corresponding  constants  out  of 
the  two  series  b, .  • .  and  a, . . .,  then 

(&,a)=-(a,ft)=l, 

but  that  for  any  other  pairs  b,  a,  or  for  any  pairs  whatever  bfb  or  a,  a,  the 
corresponding  symbol  =0  :  in  fact,  that  the  constants  b, . . .  and  a, . . .  form 
a  canonical  system  of  elements. 

Theorem  5  is  a  theorem  including  theorem  4,  and  relating  to  any  two 
functions  u,  v  either  of  the  two  2»  constants  or  else  of  the  2n  variables, 
and  which  may  besides  contaiu  t  explicitly  ;  it  establishes,  in  fact,  a  relation 
between  Poisson's  coefficient  (u,  v)  and  the  corresponding  coefficient  of 
Lagrange. 

Theorem  6  is  as  follows :  viz.,  if  y,.  ../>,.. .  are  any  2»  variables  con- 
cerning which  no  supposition  is  made,  except  that  they  are.  connected  by 
the  n  equations 

which  equations  are  only  subject  to  the  condition  of  being  sufficient  for  the 
determination  of  />,  • . .  in  terms  of  q, . . .  and  a, . . .,  and  they  may  contain 
explicitly  any  other  quantities,  for  example,  a  variable  t.  Then,  in  order 
that  the  £w(«— 1)  equations 

dqj     dq{ 

may  subsist  identically,  it  is  cnly  necessary  that  each  of  the  \n(n— 1)  equa- 
tions (6„  bj)=0  may  be  satisfied  identically. 

Theorem  7  is,  in  fact,  the  theorem  previously  established  in  its  general 
form  in  Liouville's  note  of  the  29th  of  June,  1853,  viz.,  if,  of  the  system  of 
2n  differential  equations 

dq_dH  dp__dR 

~dt      dp' dt  dq' 

there  be  given  n  integrals  involving  the  n  arbitrary  constants  ft, .  • .,  so  that 
each  of  these  constants  can  be  expressed  as  a  function  of  the  variables 
q, .  ./>, . . .  (with  or  without  /)  ;  then,  if  the  jw(n-l)  conditions  (6*  ft,)=0 
subsist  identically,  the  remaining  n  integrals  can  be  found  as  follows : — By 
means  of  the  n  integrals,  let  the  n  variables  p, ...  be  expressed  in  terms  of 
x, . . .  b, . . .  and  t,  and  let  H  stand  for  what  H,  as  originally  given,  becomes 
when  q, . . .  are  thus  expressed.  Then  the  values  of  p, . . .  and  —  H  are  the 
differential  coefficients  of  one  and  the  same  function  of/7, «...  and  t;  call 
this  function  V,  then,  since  its  differential  coefficients  are  all  given  (by  the 

dV  dV 

equations^-  — /*, ..  -^  =  — H),  V  maybe  found  by  integration;  and  it  is 

therefore  to  be  considered  as  a  given  function  of  p, .. .  and  t  and  of  the 
constants  b, ... .     The  remaining  n  integrals  are  given  by  the  n  equations 
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dV 

'db=a't 


where  the  n  quantities  a, . . .  are  new  arbitrary  constants. 

65.  Section  5  of  the  memoir  relates  to  the  theory  of  the  variation  of 
the  elements  considered  in  relation  to  the  following  very  general  problem : 
viz^  Q,  p, ...  being  any  functions  whatever  of  the  2»  variables  a, . .. 
£,...  and  t;  it  is  required  to  express  the  integrals  of  the  system  2n  dif- 
ferential equations  ' 


dt      r>  dt     H 
in  the  same  form  as  the  integrals  (supposed  given)  of  the  standard  system 

dt~dp'dt  dq 

by  substituting  functions  of  t  for  the  constant  elements  of  the  latter  system. 
And  section  6  contains  some  very  general  researches  on  the  general  pro- 
blem of  the  transformation  of  variables,  a  problem  of  which,  as  the  author 
remarks,  the  method  of  the  variation  of  elements  is  a  particular,  and  not 
the  only  useful  case.  In  particular,  the  author  considers  what  he  terms 
a  normal  transformation  of  variables,  and  he  obtains  the  theorem  8,  which 
includes  as  a  particular  case  the  second  of  the  two  theorems  in  JacobiV 
note  of  1837,  in  the  'Comptes  Rend  us.'  This  theorem  is  as  follows: 
viz^  if  the  original  variables  q, . .  p, . . .  are  given  by  the  2»  equations 


dq^dH  dp__dU 
dt      dp'  dt         dq'f 


dt 

and  if  the  new  variables  ^ . . .  w, . . .  are  connected  with  the  original  vari- 
ables by  the  equations 

dp-*  3f=tsr; 

where  K  is  any  fucctiou  of  17, .../»,.. .  which  may  also  contain  t  explicitly, 
then  will  the  transformed  equations  be 

dr\ db  dm        d&  m 

&~da'  "dt         a%' 

in  which  *  is  defined  by  the  equation 

and  is  to  be  expressed  in  terms  of  the  new  variables,  the  substitution  of  the 
new  variables  in  -^  being  made  after  the  differentiation.    In  particular,  if 

K  does  not  contain  t  explicitly,  then  -j7=0  and  *=H,  so  that,  in  this  oase, 

the  transformation  is  effected  merely  by  expressing  H  in  terms  of  the  new 
variables.  There  is  also  an  important  theorem  relating  to  the  transforma- 
tion of  coordinates.  To  explain  this,  it  is  necessary  to  go  back  to  the 
generalised  Lagrangtan  form 

d2 
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dt  dqt"dq  ; 

where  the  variables  q,  • . .  correspond  to  the  coordinates  of  a  dynamical 
problem  ;  if  the  new  variables  17, . . .  are  any  given  functions  whatever  of  the 
original  variables  q, .. .  and  off,  this  is  what  may  be  termed  a  transformation 
of  coordinates.  But  the  proposed  system  can  be  expressed,  as  shown  in  the 
former  part  of  the  memoir,  in  the  generalised  Hamiltoniau  form  with  the  vari- 
ables qt . . .  and  the  derived  variables  p, . . .  (the  values  of  which  are  given  by 

•r- ==£»,...):  the  problem  is  to  transform  the  last-mentioned  system  by  intro- 
ducing, instead  of  the  original  coordinates  qy . . .,  the  new  coordinates  17, . . ., 
and  instead  of  the  derived  variables  />,....  the  new  derived  variables  m, . . . 

defined  by  the  analogous  equations  -j-=«r, ...,  in  which  Z  is  supposed  to 

be  expressed  as  a  function  of  17, . . .  and  U  The  method  of  transformation  is 
given  by  the  theorem  9,  which  states  that  the  transformation  is  a  normal 
transformation,  and  that  the  modulus  of  transformation  (that  is,  the  func- 
tion corresponding  to  K  in  theorem  S)  is 

K=qp+  ... 

where  q, . . .  are  to  be  expressed  in  terms  of  17, ... .  The  latter  part  of  the 
same  section  contains  researches  relating  to  the  case  where  the  proposed 
equations'  are  symbolically,  but  not  actually,  in  the  Hamiltonian  form, 
viz.,  where  the  function  H  is  considered  ns  containing  functions  of  q, . . . 
p, ...  which  are  exempt  from  differentiation  in  forming  the  differential 
equations  (the  author  calls  this  a  pseudo-canonical  system),  and  where,  in 
like  manner,  the  transformation  of  variables  is  a  pseudo-normal  transforma- 
tion ;  the  theorems  10  and  11  relate  to  this  question,  which  is  treated  still 
more  generally  in  Appendix  C.  The  general  methods  are  illustrated  by 
applications  to  the  problem  of  three  bodies  and  the  problem  of  rotation ; 
the  former  problem  is  specially  discussed  in  section  7 ;  but  the  results  ob- 
tained (and  which,  as  the  author  remarks,  affords  an  example  of  the  so- 
called  *  elimination  of  the  nodes')  do  not  come  within  the  plan  of  the  pre- 
sent report 

66.  Bour's  memoir  of  1855,  '  On  the  Integration  of  the  Differential 
Equations  of  Analytical  Mechanics/ — It  has  been  already  seen  that  the 
knowledge  of  half  of  the  entire  system  of  the  integrals  of  the  differential 
equations  (thrse  known  integrals  satisfying  certain  conditions)  leads  by 
quadratures  only  to  the  knowledge  of  the  remaining  integrals  ;  the  re- 
searches contained  in  this  most  interesting  and  valuable  memoir  show  that 
this  theorem  is,  in  fact,  only  the  last  of  a  series  of  theorems,  here  first 
established,  relating  to  the  successive  reduction  which  results  from  the 
knowledge  of  each  new  integral.  Speaking  in  general  terms,  it  may  be 
stated  that  the  author  operates  on  the  linear  partial  differential  equation  of 
the  first  order,  which  is  satisfied  by  the  integrals  of  the  differential  equa- 
tions; and  that  he  effectuates  upon  this  equation  a  reduction  of  two  unities 
in  the  number  of  variables  for  every  suitable  new  integral  which  is  ob- 
tained*.    The  author  shows  also  that  an  equal  or  greater  reduction  may 

*  I  have  borrowed  this  and  the  next  sentence  from  Liouville's  report.  It  would,  I 
think,  be  more  accurate  to  say,  for  every  suitable  new  integral  after  the  first  one ;  in  the 
case  considered  in  the  memoir,  the  condition  of  vU  viva  is  satisfied,  and  there  is  always  one 
integral,  the  eqnation  of  vU  viva,  which*  is  known.;  but  this  alone,  and  in  the  general  case 
the  first  known  integral,  will  not  cause  a  reduction  of  two  unities. 
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sometimes  be  obtained  by  means  of  integrals  which  appear  at  first  foreign 
to  his  method.  Before  going  further,  it  may  be  convenient  to  remark  that 
the  author  restricts  himself  to  the  case  in  which  H  is  independent  of  the 
time,  and  where,  consequently,  the  condition  of  vis  viva  is  satisfied  ;  it  was, 
however,  remarked  by  Liouville  that  the  analysis,  slightly  modified,  applies 
to  the  most  general  case  where  H  is  any  function  of  t  and  the  variables,  and 
it  is  possible  that  when  the  entire  memoir  is  published  (it  is  given  in  *  Liou- 
ville's  Journal'  as  an  extract),  the  theory  will  be  exhibited  under  this  more 
general  form. 

67.  To  give  an  idea  of  the  analytical  results,  the  equations  are  considered 
under  the  form 

dPi    dH  dq{        dH  ,. 

-^=^'-sr=-^<,=lto,==w) 

(where,  as  already  remarked,  H  is  independent  of  t).  The  integrals  admit, 
therefore,  of  representation  in  the  canonical  form  n,  /3,  av  av . . .  alH-.2 
where  a(=H)  is  the  equation  of  vis  viva  /3(=G— t)  is  the  integral  conju- 
gate to  this,  and  the  only  integral  involving  the  time,  and  the  remaining 
integrals  a,  and  av  as  and  a4 . .  a2n_3  and  a2n-2  Are  conjugate  pairs,  we 
have  (ava)  (=(«PH))  =  0,  (ap/3)  (=(«,,  G))=0,  (apa,)  =  l,  (a„a3) 
=0, . .  (a ,,  aj»_a)=0. 

The  integrals  a ,,€4...  a2n-2  verify  the  linear  partial  differential  equa- 
tion 

*=n/<*H  dim  di\        Qr  (  (l) 

-*«=lVfo  dPi     dPi  dqj  V    9hJ         W' 

which  is  also  satisfied  by  £=H,  and  of  which  the  general  solution  is  £= 
^(H,  dp  a, . . .  a2»-2)»  while,  on  the  contrary,  the  first  member  of  the  equa- 
tion (1),  becomes  unity  for  £=G,  in  other  words  (H,  G)  =  l.  The  equa- 
tion (1)  replaces  the  original  differential  equations;  it  is  to  the  equation  (]) 
that  the  theorems  of  Poisson  and  Bertrand  may  be  supposed  to  be  applied, 
and  it  is  this  equation  (1)  which  is  studied  in  the  memoir,  where  it  is 
shown  how  the  order  may  be  diminished  when  one  or  more  integrals  are 
known. 

In  the  first  place,  the  integral  a=H  which  is  known,  may  be  made  use  of 
to  eliminate  one  of  the  variables,  suppose  pn ;  the  result  is  found  to  be 

l=n-l(dpudi     dp%dt\     d(_        (  . 
^=1        \dqt  d$r&i  dqj  +  dqr"  W' 
which  has  the  same  integrals  as  the  equation  (1),  except  the  integral  of  vis 
viva  £=H;  it  is  this  equation  (2)  which  would  have  to  be  integrated  if 
only  the  integral  a  were  known. 

Suppose  now  there  is  known  a  new  integral  ax ;  this  gives  rise  to  the 
partial  differential  equation 

.  <2l=n(p  %  _ p, «  W  or  («lf  0=0  (4), 

^t=l\dqidPi    dPi  dqj  v   l9h/         K  » 

which  is  satisfied  by  £ =H,  G,  av  ct8,  ct4 . . .  a*,-*  but  not  by  a„  which  gives 
(a„a,)=0.  The  equation  (4)  is  satisfied  £=H,  and  it  may  be  therefore 
transformed  in  the  same  manner  as  the  equation  (1)  was,  viz.  Pn  may  be 
expressed  in  terms  of  the  other  variables  and  of  a.  The  author  remarks 
that  it  will  happen,  what  causes  the  success  of  the  method,  that  this  opera- 
tion, the  object  of  which  is  to  get  rid  of  the  solution  £  =H,  conducts  to  two 
different  equation*,  according  as  f=G  or  f=  any  other  integral  of  the. 
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equation  (4) ;  so  that  in  the  second  form  of  the  transformed  equation  the 
unknown  integral  {=G  is  also  eliminated.    This  second  form  is  found 

which  is  precisely  similar  to  the  equation  (1)  (only  the  number  of  variables 
is  diminished  by  two  unities),  and  is  possessed  of  the  same  properties.  Its 
integrals  are  an a^a4... a*»_8,  which  are  all  of  them  integrals  of  the  pro- 
blem, and  give  (at,a<)=0.  And  the  theorems  of  Poisson  and  Bertrand 
apply  equally  to  this  equation ;  the  only  difference  is,  that  the  number  of 
terms  in  the  expressions  (a,  /3)  is  less  by  two  unities.  A  new  integral  (a3) 
leads  in  like  manner  to  an  equation  (8)  similar  to  (5),  but  with  the  number 
of  variables  further  diminished  by  two  unities,  and  so  on,  until  the  half 
series  of  integrals  a, apa8...a2n-8  are  known;  the  conjugate  integrals 
/},  a„  a4 . . .  atft-s  are  then  obtained  by  quadratures  only,  in  the  method  ex- 
plained in  the  memoir,  and  which  is  in  fact  identical  with  that  given  by  the 
theorem  of  Liouville  and  Donkin.  The  memoir  contains  other  results, 
which  have  been  already  alluded  to  in  a  general  manner ;  some  of  these  are 
made  use  of  by  the  author  in  his  '  M6moire  sur  les  problemes  des  trois 
corps,'  Journal  Polyt.,  t.  xxi.  pp.  35-58  (1856). 

68.  Liouville  s  note  of  July,  1855,  on  the  occasion  of  Bours  memoir, 
mentions  that  the  author  of  the  memoir  had  recognized  that,  according  to 
the  remark  made  to  him,  his  formulas  subsist  with  even  increased  elegance 
when  H  is  considered  as  a  function  of  t  and  the  other  variables.  But  (it  is 
remarked)  the  general  case  can  be  always  reduced  to  the  particular  one 
considered  in  the  memoir,  provided  that  the  number  of  equations  is  aug- 
mented by  two  unities  by  the  introduction  of  the  new  variables  r  and  u,  the 
former  of  them,  r,  equal  to  *+ constant,  so  that 

dt 

the  latter  of  them,  tt»  defined  by  the  equation 

du_    dU 

7T-~~di' 
Suppose  in  fact  that 

then,  since  r  and  u  do  not  enter  -  into  H,  which  is  a  function  only  of  t  and 
the  variables  qt . .  *p, . . .,  we  have 

du-l-dr; 

and,  moreover,  the  differential  coefficients  with  respect  to  t,  y, . . . p9 . . .  of 
the  functions  H  and  V  are  equal.    The  system  may  be  written 

dr     duy        dr         dt 

d£_dV        ^=_rfV 
dr     dq*        dr         dp 

which  is  a  system  containing  two  more  variables,  but  in  which  V  is  inde- 
pendent of  the  variable  r,  which  stands  in  the  place  of  &    The  transform*- 
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tion  is  an  elegant  and  valuable  one,  but  it  is  not  in  anywise  to  be  inferred 
that  there  is  any  advantage  in  considering  the  particular  case  (which  is  thus 
shown  to  be  capable  of  including  the  general  one),  rather  than  the  general 
one  itself:  such  inference  does  not  seem  to  be  intended,  and  would,  I  think, 
be  a  wrong  one. 

69.  Brioschis  note  of  1855  contains  an  elegant  demonstration  (founded 
on  the  theory  of  skew  determinants)  of  a  property  which  appears  to  be  a 
new  one,  of  the  canonical  integrals  of  a  dynamical  problem,  viz.  if  qyp  stand 
for  a  corresponding  pair  of  the  variables  £,...£?,...  then 

where  the  summation  refers  to  all  the  different  pairs  of  conjugate  integrals 
a,/3  of  the  canonical  system,  the  pair  qtp  in  the  denominator  being  the  same 
in  each  term ;  but  if  the  variables  in  the  denominator  are  a  non-corresponding 
pair  out  of  the  two  series  qf . »  and/?, . .  #,  or  else  a  pair  out  of  one  series  only  . 
(that  is,  both  q's  or  both  p's),  then  the  expression  on  the  left-hand  side  is 
equal  to  zero.  This  is  in  fact  a  sort  of  reciprocal  theorem  to  the  theorem 
which  defines  the  canonical  system  of  integrals.  There  are  two  or  three 
memoirs  of  Brioschi  in  Crelle's  Journal  connected  with  this  note  and  the 
note  of  185S ;  but  as  they  relate  professedly  to  skew  determinants  and  not  to 
the  equations  of  dynamics,  it  is  not  necessary  here  to  refer  to  them  more 
particularly. 

70.  Bertrand's  memoir  of  1857  forms  a  sequel  to  the  memoir  of  1851,  on 
the  integrals  common  to  several  problems  of  mechanics.  The  author  calls 
to  mind  that  he  has  shown  in  the  first  memoir,  that,  given  an  integral  of  a 
mechanical  problem,  and  assuming  only  that  the  forces  are  functions  of  the 
coordinates,  it  is  possible  to  determine  the  problem  and  find  the  forces  which 
act  upon  each  point ;  and  (he  proceeds)  it  is  important  to  remark,  that  the 
solution  leads  often  to  contradictory  results, — that,  in  fact,  an  equation  as- 
sumed at  hazard  is  not  in  general  an  integral  of  any  problem  whatever  of 
the  class  under  consideration :  and  he  thereupon  proposes  to  himself  in  the 
present  memoir  to  develope  some  of  the  consequences  of  this  remark,  and  to 
seek  among  the  most  simple  forms,  the  equations  which  can  present  them- 
selves as  integrals,  and  the  problems  to  which  such  integrals  belong.  The 
various  special  results  obtained  in  the  memoir  are  interesting  and  valuable. 

71.  In  what  precedes  I  have  traced  as  well  as  I  have  been  able  the  series 
of  investigations  of  geometers  in  relation  to  the  subject  of  analytical  dyna- 
mics. The  various  theorems  obtained  have  been  in  general  stated  with 
sufficient  fulness  to  render  them  intelligible  to  mathematicians;  the  attempt 
to  state  them  in  a  uniform  notation  and  systematic  order  would  be  out  of  the 
province  of  the  present  report.  The  leading  steps  are, — first,  the  establish- 
ment of  the  Lagrangian  form  of  the  equations  of  motion ;  secondly,  La- 
grange's theory  of  the  variation  of  the  arbitrary  constants,  a  theory  perfectly 
complete  in  itself;  and  it  would  not  have  been  easy  to  6ee  a  priori  that  it 
would  be  less  fruitful  in  results  than  the  theory  of  Poisson ;  thirdly,  Poisson's 
theory  of  the  variation  of  the  arbitrary  constants,  and  the  method  of  inte- 
gration thereby  afforded ;  fourthly,  Sir  W.  R.  Hamilton's  representation  of 
the  integral  equations  by  means  of  a  single  characteristic  function  deter- 
minable d  posteriori  by  means  of  the  integral  equations  assumed  to  be  known, 
or  by  the  condition  of  its  simultaneous  satisfaction  of  two  partial  differential 
equations ;  fifthly,  Sir  W.  R.  Hamilton's  form  of  the  equations  of  motion  ; 
sixthly,  Jaoobi's  reduction  of  the  integration  of  the  differential  equations  to 
the  problem  of  finding  a  complete  integral  of  a  single  partial  differential 
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equation,  and  the  general  theory  of  the  connexion  of  the  integration  of  a 
system  of  ordinary  differential  equations,  and  of  a  partial  differential  equa- 
tion of  the  first  order,  a  theory,  however,  of  which  Jacobi  can  only  be  con- 
sidered as  the  second  founder;  seventhly,  the  notion  (arising  from  the 
researches  of  Lagrange  and  Poisson)  and  ulterior  development  of  the  theory 
of  a  system  of  canonical  integrals. 

I  remark  in  conclusion,  that  the  differential  equations  of  dynamics  (in- 
cluding in  the  expression,  as  I  have  done  throughout  the  repoit,  the  gene- 
ralized Lagrangian  and  Hamiltonian  forms)  are  only  one  of  the  classes  of 
differential  equations  which  have  occupied  the  attention  of  geometers.  The 
greater  part  of  what  has  been  done  with  respect  to  the  general  theory  of  a 
system  of  differential  equations  is  due  to  Jacobi,  and  he  has  also  considered 
in  particular,  besides  the  differential  equations  of  dynamics,  the  Pfaffian 
system  of  differential  equations  (including  therein  the  system  of  differential 
equations  which  arise  from  any  partial  differential  equation  of  the  first  order), 
and  the  so-called  isoperimctric  system  of  differential  equations,  that  is,  the 
system  arising  from  any  problem  in  the  calculus  of  variations.  In  a  sys- 
tematic treatise  it  would  be  proper  to  commence  with  the  general  theory  of 
a  system  of  differential  equations,  and  as  a  branch  of  this  general  theory,  to 
consider  the  generalized  Hamiltonian  system,  and  in  relation  thereto  to 
developc  the  various  theorems  which  have  a  dynamical  application.  It 
would  be  shown  that  the  generalized  Lagrangian  form  could  be  transformed 
into  the  Hamiltouian  form,  but  the  first-mentioned  form  would,  I  think, 
properly  be  treated  as  a  particular  case  of  the  isoperimetric  system  of  dif- 
ferential equations. 
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Sixteenth  and  final  Report  of  a  Committee,  consisting  of  Professor 
Daubbny,  Professor  Henslow,  and  Professor  Lindley,  ap- 
pointed to  continue  their  Experiments  on  the  Growth  and  Vitality 
of  Seeds. 

When  the  summary,  given  in  the  Report  for  1850,  pp.  162  to  168,  was 
made  up,  many  oP  the  kinds  of  seeds  set  apart  for  the  continuation  of  these 
experiments  had  not  ceased  to  germinate,  which  rendered  a  continuation  of 
periodical  sowings  necessary  to  arrive  at  a  satisfactory  result.  Such  sowings 
hare  consequently  been  continued  down  to  the  present  time,  and  so  few* 
are  now  found  to  possess  their  vegetative  powers,  that  it  is  deemed  necessary 
to  consider  the  object  attained,  and  thus  close  these  investigations. 

The  Committee  submit  the  annexed  General  Summary,  which  contains 
all  the  results  arrived  at  that  are  worth  recording  in  this  place. 

Single  sowings  of  a  great  many  other  kinds  of  seeds,  mostly  old,  have 
been  made  during  the  time  these  experiments  have  been  carried  on;  but  as 
in  most  cases  the  probable  age  at  which  they  ceased  to  germinate  could  not 
be  traced,  they  are  not  inserted  in  the  summary,  but  will  be  found  entered 
in  the  MS.  Register  submitted  with  this  Report. 

General  Summary  of  the  Experiments  from  1841  to  1857  inclusive* 


Name. 


Name. 


1.  G-RAMIHAC&A. 

1-ZeaMaya 


2.  Phalaris  canarienais 

»»  ** 

n  »> 

3.  P&nicum  miliaoeum. , 

»•  »» 

4.  Arena  satire 


198 

127 

nil. 

194 

147 

19 

nil. 

178 

nil. 

180 

1844  3237 

8 


1846  1 
1848  3 
1853|  8 
1842,  1 
1844  3 
18491  8 
185413 
1849|  2 
185710 
1842  1 


0.  Triocom  sativum 


1849 
1854 
1844 
1857 


1842  1 


1844 
1849 
1844 
1857 


1844  3 


7.  Secal*  oereale   ..... 

„         „       . . . . . 

8.  Hoideum  vnlgare 


1857 
1846 
1848 
1853 
1842 
1844 
1849 
1844 
1857 


13 


3210 
16 


nil. 

180 
_163 
8  nil. 
3!115 


16 


nil. 
140 
nil. 
|456 
4 
nil. 
255 
167 
nil. 


16 


3236 


nil. 


|300 

1300 

!300 

300 

1300 

300 

300 

600 

600 

200 

300 

1300 

300 

300t 

300 

300 

300 

300 

150t 

150 

300f 

300 

600 

600 

600 

300 

300 

300 

300t 

300 


2.  PALlfACE.fi. 

9.  Phoenix  dactylifera  .... 
»»  ii  •••« 

ii  ii  ■••< 

3.  AHARTLLIDACEjS. 

10.  Alfltroemeria  pelegrina . 
»»  ii 
ii  it 
„            aurantia, 

4.  iRrDACfcS. 

1 1 .  Sisyrinchium  bermudianum 

12.  Gladiolus  psittacinua 

ii  » 

»i  ii 

13.  Iris  eibirica   

ii  ii         ........... 

ii        ii         

14.  „    ep 

>i     ii    

ii     ii    

15.  Tigridia  pavonia  

i>  ii        

ii  ii        

5.  LlLIACEA. 

16.  Allium  fragrana   


1843 
1845 
1850 

1843 
1845 
1850 
1845 
1847 

1848 
1843 
1845 
1850 
1843 
1845 
1850 
1846 
1848 
1853 
1844 
1846 
1851 

1844 

1846 

1851 

185714| 

1847 

1854 


5 
nil. 


19 
5 

8  nil. 
12 

31  nil 


1 

42 

17 

nil. 

? 

14 
nil. 
14 

4 
nil. 
32 
36 
nil. 

143 
102 

4 
nil. 

2 
niL 


9 

9 
9 

60 

60 

60 

300 

300 

100 

300 

300 

300 

150 

150 

150 

75 

75 

75 

300 

300 

300 

300 
300 
300 
300 
450 
450 


*  Ufa,  Eolichos,  Malvh,  Ipomaa, 


t  (In  waxed  cloth.) 


X  (In  open  jars.) 
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Nunc. 


Sown 
in 


4*1 


Name. 


Sown 


II 


5.*Liliaceje,  continued. 

16.  Allium  senescens 

17.  Caniassia  esculent*  

<   I* 

18.  Asphojelus  luteus    


19.  Asparagus  officinalis 


6.  Pinacks. 

20.  Pinus  Pinea 

21.  Juniperus  communis 


7.  Betvlacejs. 

.  Alnus  glutinosa. . 


8.   CANNABINACB.fi. 

.  Cannabis  sativa 


9.   MOBACBJB. 

24.  Moms  nigra... 


10.  Euphorbiac&s. 
25.  Euphorbia  Lathyris . . 


26.  Croton,  sp 

27.  Bicinus  oommunis 


11.  Cortlac&s. 
28.  Fagus  sylvatica..., 


29.  Quercus  Robur.. 


12.   CUCVRDITACEJS. 

30.  Momordica  Elaterium., 


31.  Coourbita  Pepo 


32.  Bryonia  dioica . 


13.  Passifloracilb. 

33.  Passiflora  Herbertiana... 

34.  Tacsonia  pinnatistipula 

14.  VlOLACEA. 

35.YioIalutea    


1848 
1847 
1854 
1844 
1846 
1851 
1857 
1845 
1847 
1852 

1846 
1843 
1845 

1846 
1853 
1857 

1842 
1849 
1854 

1843 
1845 
1850 

1844 
1846 
1851 


3 

1 
nil. 
52 
32 

1 

nil. 

251 

97 

nil. 


60 
300 
300 
150 
150 
150 
150 
450 
450 
450 


3  19 

28  300 
nil.  300 


184421 


1843 
1845 
1850 

1846 
1848 
1845 
1850 

1845 

1855 

1857 

1843 

1845 

1850 

185513 

1845 

1847 

1852 


1842 
1842 

1844 
1846 
1851 


111 

4 

nil. 

45 
13 

nil. 

82 
59 
nil. 

20 
46 
nil. 
30 
21 
15 
nil. 

78 

nil. 

3 

nil. 

13 
4 
nil. 
35 
37 
19 
nil 
81 
5 
niL 

nil. 
nil. 

1202 


450 
450 
450 

150 
150 
150 

300 
300 
300 

150 
150 
150 
50 
45 
45 
45 

300 

300 

30 

30 

75 

75 

75 

45 

45 

45 

45 

300 

300 

300 

375 
150 

450 
450 
450 


14.  ViOLACRiE,  continued. 

35.  Viola  lutea 

15. '  Crucifera. 

36.  Mathiola  annua    


14 


37.  Turritis  retrofracta 

38.  Arabia  hirsuta  

39.  „     lucida    

40.  Koniga  maritima  . . . 


41.  Lunaria  biennis 


42.  Veeicaria  grandiflora 

»>  »i 

43.  Iberis  umbellata  


44.  Biscutella  erigerifolia 


45.  Malcolmia  maritima. . 


46.  Hesperis  matronalis . 


47.  Erysimum  Peronskianum 


48.  Lepidium  sativum 


49.  <£thionema  saxatile . 

50.  Isatis  tinctoria 

51.%rassicaNapus 


oleraoea 


Bapa 


1857 

1844 

1846 
1851 
1842 
184S 
1842 
1844 
1846 
1851 
1844 
1846 
1851 
1845 
1847 
1843 
1845 
1850 
1844 
1846 
1851 
1843 
1845 
1850 
1844 
1846 
1851 
1857 
1843 
1845 
1850 
1842 
1844 
1849 
1854 
1848 
1848 
1842 
1844 
1849 
185413 
1842  1 
3 


nil.  450 


1203 

3236 

nil. 

njl, 

4|  36 
nil. 

1202 
170 
nil. 


280 
150 
nil. 


600 

600 

600 

1500 

200 

1500 

600 

600 

600 


143  300 


300 

300 

450 

nil.  450 


114 
nil. 

1299 

3 

1 

3 

8 

1 

3 

8 


300 
300 
200 


21  300 


71 

nil. 

1252 

178 


300 
300 
300 
300 


2 

nil. 
1234 


52.  Crambe  maritima . 


1844 

1849 

1844 

185716 

1842 

1844 

1849  8 

185413 


53.  Bunias  orientalis  , 


1845 
1847 
1852 
1847 
1849 


185711 


262 
195 
19 
nil. 
15 
15 
11340 
3323 
4 
niL 
67 
11 
nil. 
40 
nil. 
11483 
3|335 
15 
nil. 
105 
6 
nil. 
83 
57 


nil  300 

222  300 

300 

300 
300 
300 

82  300 


nil.  300 


300 

300 

300 

300 

100 

100 

450 

450 

450 

450 

150 

150 

150 

150* 

150 

900 

900 

900 

900 

300 

300 

300 

150 

150 


nil.  150 


*  (In  waxed  doth.) 
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Sown 
in 


Name. 


Sown 
in 


16.  Capfabidackje. 
56.  Oeome  spinosa 


15.  Crfcifer-b,  continued. 
54.  Heliophila  araboides   . . . 


55.  Schkopetalon  Walkeri. . 


17.  BrmrsEiACEA. 
57-  Tjflrnw|itii<s  sp 

18.  Trofjbolacea. 
58.  Tropeolum  majus    .. 


„        peregnnnm 

59.  Lymnanthes  Douglasii 

?»  •« 

19.  Maltace^. 

60.  Malope  grandiflore 


01. 
62. 
63. 


Kitaibelia  vitifolia. . . 
Lavatera  trimestris 
Malva  mauritiana. . . 


1844 
1846 
1851 
1846 
1848 
1853 
1857 

1844 
1846 
1851 

1844 

1843 

1845 
1850 
1848 
1846 
1818 

1843 
1845 
1850 
1855 
1848 
1848 
1845 
1847 
1852 
1857 


275 
165 

nil. 

96 

30 
2 

nil. 

126 
61 

nil. 

1 

64 
52 
nil. 
15 
91 
31  nil. 


158 

127 

6 

nil. 

23 

50 

288 

3281 


64. 

r 

66. 
67. 

68. 


22.  Htpebicacbjb. 
60.  Hypericum  K<d""«m'm  . 
„         hirsutum  .... 


»«      *P 

Hibiscus,  sp 

Sida,  sp 

20.  Tiliaceas. 

Corchoroa,  sp 

Triumfetta,  sp 

21.  Sapihdacbjb. 
Cardiospermum   Halicaca- 

btun 


184425 
184427 
184425 

184427 
'184425 


23.  MAGlTOLlACEiS. 

.Magnolia,  sp 


1848 
1857 

1842 
1844 
1846 
1851 


70. 

71.  Iiriodendron  tulipiferum 


24.  Rakuhculacsje. 

2.  Clematis  erecta 

73. Thalictrum  minus  ... 


1845 
11850  8 
11843 
1845 


74  Anemone  ooronaria . 


.1842 
.'1847 
.1849 
.'1849 

•  1857 

•  1847 
.1849  3 


140 

13 

17 

3 

75 

2 
30 


59 

nil. 

nil. 

8 

94 

nil. 

4 
nil. 

1 
nil. 

nil. 
62 
nil. 
57 
nil. 
46 
nil. 


600 
600 
600 
150 
150 
150 
150 

300 
300 
300 

150 

75 
75 
75 
30 
150 
150 

300 
300 
300 
300 
200 
100 
600 
600 
600 
600 
100 
100 
150 

50 
75 


75; 

75 

450 
450 
450 
450 

45 
45 
50 
50 

150 
300 
300 
600 
600 
300 
300 


24.  RANCircuLACB.fi,  cont 

75.  Adonis  autumnal  in  

»»  t»  

»  i»  

n  »»  

76.  Ranunculus  caucasicus 

t»  »»        

77.  Nigellanana 

i  >»        »»    

»»        »»    

78.  Helleborus  foetidus  

»»  »        

79.  Delphinium  flexuosum 

1  »         »P 

80.  Aoonitum  Napellus 

»»  t»        

»»  »»        

,81.  Peonia,  spa.  mixt 

>»  i?        

25.  Papayeracba. 
'82.  Argemone  alba 

»»  it    •• 

»i  ii    

ii  ii    

83.  PapaTer  amoenum    

i»  »i  

ii  ii  

„        orientale  

84.  Glaucium  rubrum  

ii  •»  

ii  ii  

85.  Eschscholtzia  californica . . 


184310 


1845 
1850 
1855 
1847 
1849 
1843 
1845 
1850 
1845 
1847 
1842 
1848 
1845 
1850 


185513 


86.  Chiyseis  crocea 

87. 


26.   FuMARIACEi*. 

Hypeooum  procumbens 
Fumaria  spicata  


89. 
90. 
91. 

92. 
93. 


27.  Berberidacea. 
Berberis  aquifolium 

28.  Anacardiace.b. 
Rhus,  sp 

29.  XAXTIIOXYLACE.E. 

Ailantus  glandulosa 


1842 
1844 
1849 

1845 
1847 
1852 
1857 
1843 
1845 
1850 
1842 
1843 
1845 
1850 
1845 
1847 
1852 
1857 
1842 
1847 

1842 
1846 
1848 
1853 


30.   LlNACE*. 

Linum  usitatissimum 


„      perenne 

31.   BALSAMIXACEiB. 

Balsamina  hortensis.. 


1842 

1844 

1846 
1848 
1853 
1857 

1842 

1844 

1849 

185413 

1848 

1846 


86 
79 

7 
nil. 

9 
nil. 
110 
40 
nil. 
63 
nil. 
nil. 

1 

13 
12 
niL 

? 

30 
nil. 

109 

159 

53 

nil. 

179 

47 

nil. 

niL 

10 

47 

nil. 

174 

124 

3 
niL 

4 
nil. 

nil. 

98 

5 

nil. 


63 
3 
8 

nil. 

397 
3202 


18 
nil. 
16 

81 


150 
150 
150 
150 
300 

150 
150 
150 
450 
450 
600 
200 
300 
300 
300 
300 
300 
300 

300 

300 

300 

300 

300 

300 

300 

1500 

300 

300 

300 

600 

600 

600 

600 

300 

300 

150 
300 
300 
300 

60 

50 

150 
150 
150 
150 

450 
450 
450 
450 
100 

150 
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Name. 


Sown 
in 


Name. 


31.  Balsaminace*,  cont. 
94.  Impatiens  glanduligera   . . 


32.  G-eraitiacejb. 

95.  Pelargonium,  sp 

33.  Caryophyllacejs. 

96.  Buffonia  annua   


97.  Cerastium  perfoliatum 

n                 fi 
96.  Dianthus  barbatus    


99.  Saponaria  annua  . 


100.  Gypsophila  ele^ans 


101.  Silene  inflata 


„      quadridentata . 

»,      pendula    

„      armaria  alba    . 
102.  Yisoaria  oculata 


103.  Pharnaceum,  sp. 
34.  Portulacacea. 

104.  Talinum  ciliatum  . . . 


105.  Calandrinia  grandiflora. . . 

ti  »i 

106.  „  speciosa 


35.    POLTGONACEJS. 

107.  Polygonum  Fagopyrum. . 


106.  Bumex  obtusifolium 


36.   NTCTAGIKACE.E. 

109.  Mirabilis  jalapa 


1845 
1850 
1855 

1844 

1843 
1845 
1850 
1848 
1857 
1844 
1846 
1851 
1857 
1845 
1847 
1852 
1844 
1846 
1851 
1857 
1844 
1846 
1851 
1857 
1848 
1848 
1848 
1846 
1848 
1853 
1857 
1844 

1844 
1846 
1851 
1857 
1842 
1847 
1843 
1845 
1850 
1855 

1842 
1844 
1849 
1854 
1844 
184fl 
1851 
1857 


109 

16 

nil. 

14 

10  nil. 


|242 

181 

2 

nil. 

1247 

38 

nil. 

140 

143 

6 

nil. 

58 

88 

2 

njl. 

31 
41 
31 
130 
22 

9 
nil. 

3 


196 

188 

5 

nil. 

58 

nil. 

117 

171 

18 

nil. 

61 
25 

7 
nil. 
226 


3  162 


14  nil. 


'1843 

.'184J 
.11850 


62 


26 
8i  nil. 


150 
150 
150 

50 

300 
300 
300 
300 
300 
300 
300 
300 
300 
450 
450 
450 
600 
600 
600 
600 
150 
150 
150 
150 
100 
200 
100 
450 
450 
450 
450 
100 

600 

600 
600 
600 
600 
600 
300 
300 
300 
300 

150 
150 
150 
150 
450 
450 
450 
450 

75 
75 
75 


37.   PHYTOLACCACE*. 

110.  Phytolacca  decandra . 


38.  AxARAlTTACEA. 

111.  Amaranthus  caudatus 


39.  Chekopodiaols. 

112.  Ghenopodium  Botrys 

»i  ii      

„  Quinoa   .. 

»»  >i 

113.  Beta  Tulgaris 

ii  ii       

»»  ii       

ii  ii 

40.  Saururacejs. 

114.  Saururia,  Bp 

41.  Mesexbrtaceje. 

115.  Mcsembryanthemum  cry 

stallinum  

ii  n     

»i  ii     

ii  ii     

42.  Tetragoktacea. 

116.  Tetragonia  expansa    

it  n         

>»  i»         

43.  Thymklacm. 

117.  Gnidia,  sp 

44.  Protbacejb. 

118.  Leucadendron,  sp 

45.  Legttmiwosje. 

119.  Podalyria,  sp 

120.  Pultensa,  sp , 

121.  Lupinus  lucidns 

„        riyularis  

ii  n         

„       polyphyllua 

H  ii  

*»  i»  

it       succulentus 

ii  ii  

M  II  

„       grandifolius 

•»  ii  

M  II  

122.  Crotalaria,  sp 

123.  Aapalathus,  sp 

124.  Ulex  europea 

ii  ii       

ii  ii       

ii  n      

ii  ii      

125.  Spartium  scoparium 


1844 
1846 
1851 

1843 
1845 
1850 
1855 

1845 
1847 
1849 

1857 
1846 
1846 
1853 
1857 

1644 


35 

21 

nil. 

210 

178 

1 

nil. 


1220 
3  nil. 
2171 
10  nil. 
1146 
3155 
8  23 


12 


4  2 


nil. 


1843 
1845 
1850 
1855 

1643 
1845 
1650 

1644 

1644 

1644 

184421 

1842 

1842 

1847101 

1842 

1854 

1857 

1843 

1845 

1850 

1847 

1854 


1  63 

3  94 

8112 

13  nil. 


185720| 

1844 

1844 

1843 

1845 

1850 

1855 

1857 

1846 

1848 

1653 


98 
22 

nil. 


19 

113 
2 

nil. 
1 

niL 
1 

11 

nil. 

215 

85 

nil. 
1 
1 

nil. 
4 
1 

36 
3113 


75 

75 

75  | 

300 
300  I 
300  ' 
300 

600 
600 
600 
600 
215 
215 
215 
215 

50 


300 

300 
300 
300 

45 
45 
45 

50 


75 

150 
100 
150 
75 
75 
300 
300 
300 
300 
300 
300 
300 
300 
300 
50 
25 
300 
300 
300 
300 
1300 


17 

06 

4 

122  ;<300 
36  1600 
80  600 


I    I 
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Sown 
in 


Name. 


Sown 
in 


45.  LiGUMiHOS.fi,  cant. 

125.  Spartium  eooparium  . . . 

126.  Cytasus  Laburnum 


1857121 

1843 

1845 


1850  8 


albus 


127.  Tetragonolobus  purpureas 


128.  Trifblium  repens. , 


1855 

1846 

1848 

1853 

1857 

1843 

1845 

1850  8 

1842   1 

IBU 

1849 


129.  Melilotua  caerulea 


1844   1 


130.  Triganellafcenum-grattuin 


1 31 .  Medicftgo  maculata. . 


132.  Ononis  angustifolia 

133.  Indigofera,  sp 

134.  Pfcoralea  bituminoea 


sp.. 


11 

1844  4 

!l35.GAl^a,8PV:.:..:.....  ...J184426 

136.Sutberlandia,sp '1844  4 

137.Colutea,8p I184443 

138.  Pisum  satrvum 


139.  Errum,  sp. . 

140.  Vicia  saliva. 


grandiflora 

„     lutea -—    - 

141.  Faba  vulgaris |l842   1   71 

1844J  3  71 
1849  8'  40 
11854 131  nil. 
1843|  lj  44 
1845  3 105 
1850|  8  63 
1 

nil. 

21 
6 

18 


142.  Lathrrus  heterophyllus . 


3 

80 
21 
2 
nil. 
85 
24 
13 
nil. 
58 
40 
nil. 

119 
22 
nil. 

106 

149 
19 
nil. 

122 
89 
nil. 
73 
71 

113 

101 
8 
nil. 
28 
54 
46 
nil. 

107 

16 

5 

1 

1842'  1  92 

1844-  3  94 


1846 
1851 
1857 
1843 
1845 
1850 
1843 
1845 


1850  8 


1855 

1857 

1842 

1844  4 

1847 

1849 

1857 


15 

nil. 

90 

129 


1849  8 
185413 
18461  4 
1842  1 
1844  3'120 
1849  8|  8 
185413,  nil. 
1848  3i  18 
1848  4'  91 


...185715 

„      annuus '1848  2 

„      sativus 1 1848|  3 

le-Owbusnige* |1845  3 


600 
150 
150 
150 
150 
300 
300 
300 
300 
75 
75 
75 
450 
450 
!450 
'300 
300 
,300 
300 
il30 
1150 
1150 
300 
300 
300 
!300 
1300 
300 
150 
150 
150 
150 
200 
100 
100 
75 
150 
150 
150 
150 
100 
150 
150 
150 
150 
25 
100 
75 
75 
75 

150 
,150 
150 
!l50 
150 
25 
6 
150 


45.  Leo  [TMiNos.fi,  cont. 
Orobus  niger  , 


143. 

144.  Soorpiurus  sulcata 


145. 
146. 

147. 
148. 

149. 
150. 
151. 


152, 


153. 

154. 
155. 
156. 


1850 
1855i  13 
18431  1 

..      1845  3 

„      185d  8 

Coronilla,  sp 184442 

iEechrnomene,  sp 1 1844'27 

„  |1844|26 

Hallia,sp 1844)  4 

Hedysarum,  sp 1184427 

„     |1844|26 

Clitoria,  sp 

Erythrina,  sp 

Phaseolus  multiflorus 


sp 

Dolichos  lignosus 


sp 

Ccesalpinia,  sp.   ... 

Cassia,  sp 

Tamarindus,  sp. . . . 
Cercis  canadensis 


157.  Gleditechiatriacanthos 


158. 
159. 
160. 


Mimosa,  sp 

Adenanthora,  sp 

Bobinia  pscudacacia 


46.  POMACE.E. 

161.  Cotoneaster  rotundifolia 

ii  ii 

162.  Crataegus  macrantha 


punctata. 


163. 


47.  Rosacea. 
Potentilla  nepalensiB . 


184426 


1844 

1842 

1844 

1849 

1854 

184425 

1843'  1 

1845  3 

1850  8 

185513 

1857115 

184427 

184427 

184426 

1844'25 


12 
nil. 
59 
22 
nil. 
17 

1 
28 
14 

8 

3 

2 

1 
67 
47 

1 
nil. 
25 
64 
61 
25 
73 

4 


1843 
1845 


1850  8 


1846 


1853  8 


1857 
1844 


184425 


18-13 
1845 


1850  8 

1843  1 
1845  3 
1850  8 
1843  1 
1845  3 


1850 
1843 
1845 
1850 

1842 
1843 
1845 
1850 


164.  Geum,  sp. 


sp.  from  Douglas1 1842  6 


165. 


48.  Lttoraceje. 
Cuphea  procumbens 


1847 
ISiA 

1843 
1845  3 


1 

9 

4 

niL 

87 

3 

nil. 

5 

4 

31 

30 

nil. 


16 

nil. 
1 
4 

nil. 
9 
3 

nil. 

nil. 
49 
52 
nil. 
nil. 
3 
nil. 

46 
45 


150 

150 

75 

75 

75 

25 

100 

100 

25 

100 

100 

20 

3 

75 

75 

75 

75 

25 

75 

75 

75 

75 

75 

5 

6 

120 

3 

150 

150 

150 

90 

90 

90 

42 

6 

300 

300 

300 

20 

60 

60 

50 

150 

150 

50 

150 

150 

900 

300 

300 

300 

1200 

1500 

1500 

150 
150' 
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Name. 


48.  Lythracea,  cont. 

165.  Cuphea  procumbens . 

49.  Rhamnace^e. 

166.  Trichooephalum,  8p.  . 

167.  Phylica,  ep 

168.  Cryptandra,  gp 

50.  Aquifoliacejs. 
3.  Dei  aquifolium  


51.  Solan ACEiE. 
170.  Petunia  odorata . 


...*.... 


171.  Datura  Stramonium 


172.  Hyoeoyamus  niger . 


173.  Capsicum,  sp 

ii         ii  ■ 

ii         ii  ••••• 

174.  Nicandra  phyealoides., 


175.  Solanum  ovigerum.. 


176.  Lycoperaicum  esculentum 

52.  AsCLEPIADACEjE. 

177.  Asdepias  verticillata  ... 

53.  CoNVOLVULACEjB. 

178.  Convolvulus  major 


54.  PoLEMONIACE*. 

179.  Collomia  ooocinea  . . 

ii  ii 

180.  CHlia"achffleafolia  " 


181. 
182. 


„    capitata 

Leptosiphon  androsacea. , 


Polemonium  gracilo  .... 
i,  caeruleum . 


Sown 


1850 

1844 
1844 
184421 


1843 
1845 


1846 

1848 

1853 

1847 

1842 

1844 

1850 

1849 

1854 

1853 

1845 

1850 

1855 

1843 

1845 

1850 

1843  1 

1845 

1850 

185531 

1857 

1845 

1847 

1852 

1857 

1846 


3109 


1847 


1844  1 

1846 

1851 


1857 

1843 
1845 
1850 
1842 
1844 
1849 
1854 
1W2 
1844 
1846 
1851 
1842 
1844 
1846 
1851 


fc-a 


nil, 

2 

1 
9 

2 

nil. 

141 
0 
4 

nil. 

152 


20 
30 

nil. 

5 

7. 

4 

nil. 

56 

33 

nil. 

243 

143 

142 

98 

nil. 

140 

0 

12 

nil 

76 

31 


41 
9 

1 

135 

64 
nil. 
125 


3204 


1 
nil. 
nil. 
131 
121 
nil. 
nil. 
125 
78 

2 


150 

25 
17 
50 

300 
300 

450 
450 
450 
450 
300 
300 
50 
300 
300 
300 
300 
300 
300 
75 
75 
75 
300 
300 
300 
300 
300 
600 
600 
600 
600 
100 


Name. 


182. 
183. 


184. 
185. 


186. 


187. 


188. 


189. 


190. 


191, 


192. 
193. 


54.  P0LEM0NIA.CE.fi,  COflt 

Polemonium  caeruleum . 

Cobeca  scandens 

i»  ii        ■ 

55.  Htdrophyllacke. 

Nemophila  atomaria 

Eutoca  viflcida    

ii  ii        ' 

ii      m      n        ■ 

Phaoelia  tanaoetifolia. 
n  ii  •••■■ 

ii  it  ■■••• 

56.  PLANTAGINACEJt. 

Plantago  media , 

II  H  

II  II  

57.  PaiMULACKfi. 

Anagallis  arvensifl , 

ii  ii        • 

i»  ii        ' 

»i  ii        ■ 

58.  NOLANACE£. 

Nolana  atriplicifolia  

ii  ii  ..... 

ii  ii  ..... 

59.  BORAGINACEfi. 

Cerinthe  major 

ii  ii      • 

ii  ii      ■ 

Echium  grandiflorum — 

ii  ii 

i»  ii  •••' 

Amsinckia  angustifolia  . 

Qynoglossum     glochida 

turn   


73 


150 
150 
150 
150 

300 

300 

300 

600 

600 

600 

600 

15001 

600 

600 

600 

375 

300 

300 

300 


194. 


60.  Labiate 
Elfiholtzia  cristata 


195. 
196. 


197. 
198. 

199. 


Horminum  pyrenaicum. 
Nepeta  Cataria  


„        citriodora 

Dracocephalura  denticula- 

tum   

Leonurus  cardiaca 


200.  Betonica  hirsute . 


201 


61.  Verbenace*. 
Verbena  Aubletia 


Sown 
in 


al 


185714 


1845 
1850 


1848 
1843 
1845 
18501  8 
1843!  1 
1845;  3 
1850  8 


1844 
1846 
1851 

1843 
1845 
1850 
1855 

1843 
1845 
1850 

1813 
1845 
1850 
1844 
1846 
1851 
1848 

1843 

1845 
1855 
1857 

1843 
1845 
1850 
1842 
1843|  1 
1845  3 
1850  8 
1855 13 
1848  2 


3 

nil. 

62 
168 

te 

nil. 
131 
122 

nil. 

120 
130 
nil. 

71 


nil.  300 


9 

9 

200 
300 
300 
300 

300  | 

300 

300 

450 
450 
450 


120 

3150 

nil. 

Ill 
79 

niL 
1|201 

135 
8  niL 

2|  3 


1847 
1843 
1845 


1850  8 


1855 
1847 
1849 

1846 
1848 


300 
300 
158  300 
niL  300 


300 
300 
300 

150 
150 
150 
300 
300 
300 
100 


25  300 

45  300 

3  300 

nil.  300 


101 
44 
nil. 
nil. 
14 
43 

2 
nil. 

3 


300 

300 

|300  ! 

!l50 

300 

,300 

!300 

300 

100 


24  2G0 
165  ;300 
78  !300  ' 

5  J300 
nil.  300 

2  |300 
nil.  J300 

55  '300 
nil.  300 


ON  THE  GBOWTH  AND  VITALITY  OF  8KB 


Num. 


68.  Sblaodiacu. 
202.  Hebenstreitia  tenuifolia ... 


63.  PSDALIACBA. 

303.  Martynia  proboscidia 


64.  BravoiriACBA. 
20L  Eocremocarpus  seaber 


ffi.  Catalpa  oofdifbtia 

»  t»         ....... 

65.  SCBOPHVLARIACBJE. 

Xtf.Browalliaelata  

»»  ti     ••••■ 

*»  »t     ■ 

507.  Chaeoostoma  polyantha. 

n  ft  • 

!06.  SchixantiraB  pinnatus.... 

tt  n  •••• 

t»  it         •••• 

»9.  Veifaascam  Thapeus  .... 

It  tt  •••• 

n  tt  ••■• 

!10.  Alonsoaixuasa 

«  it    • •••• 

Ul.Unaria  Preai 

»t  t>     • 

J12.  Linaria  spartea  

„      bipartita    

213.  Antirrhinum  majus  .... 

t*  >i       •••• 

»  M       •••• 

„  calrcinum 

214.  CollinaU  heterophylla  . 


..J 


215.  Peutetemon  diffuses 


pulchellufl  ...| 
ataropurpureufl' 
digitalis 


„         procerus . 

216.  Mimulus  moschatus  . 

217.  Digitalis  lutea 

tt  U    


218.  Veronica  peregrin*.. 


66.  Cajcpaxulacub. 
119.  Campanula  Medium . 


844 
846 
851 

813 

845 
850 

846 

QAQ 
.OfO 

853 
857 
843 
845 

846 

853 

857 
844 
846 
851 
857 
842 
844 

,OW 

846 

,OtO 

853 
845 
847 
852 

,ono 

OAA 
CIO 

842 

844 
849 
.oto 
842 
.844 


1 
31102 


175 
102 
nil. 


27 
10 

niL 

41 
3 
1 

nil. 

11 

nil- 

46 

6 

niL 

5 

nil. 

1398 


3240 


1 
niL 
11430 


126 
nil. 
48 

5 
niL 
167 

1 
nil. 

3 

6 
11517 
3475 


nil- 
9 


1322 
3578 


854 
842 
842 
842 
842 
842 
842 
842 
842 
842 
843 
845 
850 
847 


1844 


1 
niL 

nfl. 

nil. 
niL 
niL 
nil. 
nil. 
nil. 
niL 
4 
£13 
46 
nil. 
34 
niL 

125 


300 
300 
300 

60 
60 
60 

300 
300 
300 
300 

50 

50 

150 
150 
150 
300 
300 
600 
600 
600 
600 
500 
1500 
1500 
300 
300 
300 
600 
600 
600 
100 
100 
900 
900 
900 
25 
900 
900 
900 
900 
900 
1500 
750 
750 
900 
750 
1500 
1200 
3000 
300 
300 
300 
300 
300 

300j 


66.  Campakulacilb,  tomt. 
219.  Campanula  Medium 


67.  ViXRiuAif Acm«. 
220.  Valeriana  officinalis 


221.  Fedia  dentata 

68.   DlPSACACEJB. 

2.  Dipsacus  laciniatua. , 

it  tt  • « 

w  it 

3.  Knautia  orientalis  ., 


69.  Composite. 
224.  Ageratum  meoricanum 


225.  Aster  tenella 


226.  Callistemma  hortensis 

If  N 

II  tt 

227.  Stenactis  speeioea  

it  tt        • 

tt  It  ...... 

228.  Kaulfusflia  amelloides. . . 


229.  Baphthalmnm  cordifolium 


230.  Zinnia  multafiora 


grandiflora. 


231.  SanTitalia  procumbens  ... 

ii  it 

232.  Budbeclria  amplexicaulis 

n  *t 

tt  n 

233.  Coreopsis  atrosanguinea. . . 


„       Atkinsoniana.. 
234.  Helianthua  indious 


235.  Bidens  dirersifdlia., 


236.  Tagetes  patula 
„      lucida 


1846 
1851 

1844 
1846 
1851 
1850 

1843 
1845 
1850 
1846 
1848 

1844 
1846 
1851 
1857 
1844 
1846 
1851 
1844 
1846 
1851 
1843 
1845 
1850 
1844 
1846 
1851 
1857 
1843 
1845 
1850 
1844 
1846 
1857 
1846 
1848 
1853 
1845 
1847 
1843 
1845 
1850 
1843 
1845 
1850 
1842 
1843 
1845 
1850 
1844 
1846 
1851 
1857 
1848 
1846 
1848 


109 
nil. 

0 

17 

niL 

3 

63 
60 
nil. 
39 
niL 

12 

135 

3 

niL 

184 

120 

niL 

70 

161 

nil. 

113 

18 

niL 

181 

114 

1 

niL 

77 


nil. 

0 
37 
niL 
86 

2 
nil. 
154 
nil. 
10 
55 
nil. 
78 
3(142 
nil. 
nil. 


70 
68 
niL 
39 
124 

2 
nil. 
20 
139 

5 


300 
300 

300 

300 

300 

50 

150 
150 
150 
150 
150 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
450 
450 
450 
300 
300 
300 
600 
600 
450 
450 
450 
100 
300 
300 
900 
75 
75 
75 
450 
450 
450 
450 
200 
450 
450 


so 
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69.  Composite,  continued. 

236.  Tagefe*  ludda    

237.GhuWiaaristota 


238.  Helenuim  Douglaaii  . 

•9  II 

239.  Callichroa  platygloesa 

»i  i» 

240.  Galinwgea  trilobate  . 

H  II 

.  If  II  • 

241.  Sphenogyne  speciosa . 


Kami. 


242.  Oxyura  ohiTBanthemoidee 


243.  Madia  splendene.. 


244.  Cladanthufl  arablcufl 
••  ii 

246, 


glabrata..  . 
californica. 


glabrata. 


248. 


247. 

248. 


Chrysanthemum    corona- 
num    


Athanaoea,  ap 

Ammobium  alatum 


249.  Xeranthemum  annuum . 


250.  Calendula  pluvialis 
ii  H 
>f  ii 
,,        officinalis 

„   maritima 

251.  Arctoti*,  ep 


1853 
1846 
1848 
1844 
1846 
1851 
1843 
1845 
1850 
1843 
1845 
1850 
1843 
1845 
1850 
1843 
1845 
1850 
1847 
1854 
1845 
1847 
1852 
1857 
1844 
1846 
1851 
1848 
1842 
1844 
1849 
1854 
1844 
1857 

1846 
1848 
1853 
1857 
1844 
1845 
1847 
1852 
1846 
1848 
1853 
1857 
1844 
1846 
1857 
1842 
1844 
1849 
1848 
1848 
1844 


1844 
1846 
1851 
1857 
1848 


1845 
1847 
1852 
1844 
1846 
1851 
1857141 


1844 

1846 

1847 

1849 

185711 

1845 

1847 


.  Soononera  hispanica , 

n  ii        ■ 

ii  n        

.  Picria  eohioidee 

.  Lactuca  aatiya , 

n  ii    > 

ii  >i    ••••• 

.  Borkhauma  rubra  

ii  n      

if  ii      

ii  n#     ■ 

tt  foetida 

70.  Onaosacbje. 

.  (Enothera  tenella  

.  (Enothera,  sp.  from  Dou< 

glaa    

ii  >»  

.  Godetia  Iindleyana  

II  m  ■ 

ii               M          ••••• 
„      lepida   

ii     »i   

.  Clarkia  elegans  


1852 
1843 
1845 
1850 
1855 
1845 
1847 


1847 

1848 

1849 

185711 

1845 

1847 

1852 


1848 
1842 
1844 
1849 
1844 
1846 
1851 
1857 
1848 

1846 

1847 
1854 
1843 
1845 
1850 
1842 
1847 
1842 
1847 


185417 


112 

49 

3 

nfiT 
11 

106 


4 
nil. 
20 
34 
nil. 
11286 


3260 


139 

nil. 


300 
300 
300 

300 
25 

1300 


44  300 
nil  300 
16  300 
64  300 
3  300 
nil.  300 


94 

nil. 


1267 


138 
nil. 
77 
10 
12 

nil. 

nil. 
nil. 


150 
150 
150 
150  j 
150 
GOO 
600 
600 
450 
450 
450 
450 
600 
GOO 
GOO 
150 
30 
150 
150 
600 
•600 


niL43O0 


73 

53 

1 

nil, 

131 

196 

2 

nil. 

35 

1 

1 
nil. 
139 
90 
niL 
15 

nil. 

1 
1 


100 
150 
150 
150 
300 
300 
300 
300 
100  j 

100  I 

1800 
18UC1 
300 
300 
300 
750 
750 
150(1 
150C 
150C 


*  (In  open  jar.) 
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A 


Kama. 


70.  OXAOBACBJE,  Wltf. 

TO.  Kucfaaridiom  ooncinnum 


ri.  Lopes*  raoemoea  .... 
»  ti        •••• 

?  *  ?»        •  •  •  • 

71.  Mtbtacba. 

'2.  Kucalyptna,  gp. 

72.  Loabaobjs. 

'3.  Loan  lateritia 

«  »»      

»  »»      

„     nitid*   

n  n  

*9  tl  

'4.  Bartonia  aurea  

w         »       

n  n         

y*  n         

73.  Vmbkllttebm. 

'5.  PeCroaelinom  sativum 


1844 
1846 
1851 
1846 
1848 
1853 


1110 
3256 
nil. 
212 
3268 
8  nil. 


184421 


G.  Carom  Garni 


7.  8£um  Bitarum 

»  »»      ' 

8.  Bupleurnm  rotondifolium 


9.  GSzumihe  crocata 


1844 
1846 
1851 
1843 
1845 
1850 
1844 
1846 
1851 
1857 

1842 
1844 
1849 
1854 
1845 
1847 
1852 
1849 
1854 
1845 
1847 
1843 
1845 
1850 
1844 
1846 
1851 


600 
600 
600 
450 
450 
450 

20 

450 
450 
450 
300 
300 
300 
600 


14 
112 

nil. 
153 

52 

nil. 
182 
160  600 


1 

nil- 

94 
42 

1 
nil. 
334 

2 
nil. 

2 
nil. 
73 
nil. 
21 
67 
nil 
242 
106 


600 
600 

150 
150 
150 
150 
600 
600 
600 
600 
600 
600 
600 
300 
300 
300 
300 
300 
300 


73.  Um^blufebje,  cont, 

279.  CEnanthe  crooata  

280.  JDthusa  cynapioides  .... 


282.  Iigusticum  Levisticum . 


283.  Angelica  Archangelica 


281.  Foeniculum  dulce 


284.  Pastinaca  aativa  . 


285.  Heracleum  elegana . 


286.  Daucua  Garota 


287.  Scandix  brachycarpa  . 

288.  Conium  macuiatum  . 


289.  Smyrnium  Oluflatrom 


1857 
1842 
1844 
1849 
1854 
1847 
1849 
1857 
1842 
1844 
1849 
1854 
1844 
1846 
1851 
1842 
1844 
1849 
1843 
1845 
1850 
1842 
184-1 
1849 
1845 
1847 
1854 
1848 
1843 
1845 
1842 
1847 
1844 
1846 
1851 
1857 


1 

nil. 

192 

84 

liil. 

156 

35 

2 

■nil. 

19 

3|47 

nil, 

157 
20 
nil. 

1 

17 

nil. 

155 

3  79 

1 
37 
nil. 


300 
300 
300 
300 
300 
300 


10 
13  nil. 
95 
159 


144 
1 
lOlniL 


102 

66 

2 

niL 


$00 
300 
300 
800 
300 
800 
800 
300 
800 
800 
150 
150 
150 
800 
300 
800 
900 
900 
300 
150 
300 
300 
450 
450 
800 
800 
800 
300 


Prom  the  above  summary,  the  accompanying  Table,  snowing  the  greatest 
ages  at  which  the  seeds  therein  named  were  found  to  vegetate,  has  been 
prepared. 


i2 
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Table  showing  the  Greatest  Ages  at  which  the  Seeds  named  in  the  General 
Summary  germinated. 


Age. 


Zes  Mays A...* 

Phalaris  canariensis 

Arena  sativa 

Triticum  antiviral 

Secale  cereale  , 

Hordeum  vulgsre , 

Pabmact*. 
Phoenix  dactylifers 

Amaryllidacem. 
Alstroetneria  pclegrina ..... 

Iriddcta. 
Gladioloi  psittscinus   ..... 

Iris  sibirica  , 

Tigridit  Pavonis  

Litiace*. 

Alliam  fragrans 

Camassia  esculents  , 

Asphodelos  lutens , 

Asparagus  officinalis 

Conifera. 
Pinus  Pinea , 

Betulace*. 
Alnus  glutinosa , 

Cannabis  satiya 

Aforocftf. 
Morns  nigra 

Euphorbiace*. 

Euphorbia  Lathyris 

Croton,  sp 

Ricinus  communis 

Corylact*. 
Quercus  Robur , 

Cucvrbitoee*. 

Moraordica  Elaterram 

Cucurbits  Pepo.. 

Bryonia  dioica 

Fwlacea. 
Viola  lutea 

Crucifer*. 

Mathiola  annua. ~. 

Arabia  hinuta  , 

Koniga  maritiroa , 

Lunaris  biennis 

Iberis  umbellate  < 

Biscutella  erigerifolia  .... 

Malcolmia  maritima. 

Hesperis  matronalis 

Erysimum  Peroffskianum., 

Lepidium  sativum 

iEthionems  saxatile 

Isatis,  sp.  - 

Brassies  Napus 

Brassies  olersces 

Brassies  Raps  


3  4  5   6   8   9  1012131415182125  26  27  42  43 
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Age, 


3    4   5   6  8    9  Hi  12  1314  15  1K21  25  20  27     U3 


Crambe  maritime 

Banias  orientatis  

HelSophQa  araboides    . 
Scnitopetalon  Walkeri. 

Cleome  spinosa 

Bytnttnttctdi* 
Hcrmannia,  sp. . 


Tropgnlnm  majos., 


Malope  grandiflora  ... 
KitaibeUa  Titifolia..... 

Malva  manritiana , 

MaWa,  sp. 

Hibiscus,  tp.  ••••••••.••< 

Sida,  sp- , 

TUiact*. 

Corchoms,  sp 

TriomfetU,  sp. 

Hyptricace*. 
Hypericum  hirsotum 

MagmoHacea. 
Magnolia 


Adonis  antamnalis 

Nigella  nana 

Delphiniom,  sp.    

Aconitum  Napellus  

Paconia,sp.  

x^paamcccia. 

Argemone  alba....* 

PapaTer  amoenum 

Glaudum  robrnm , 

Bschscnoltzia  californica . 
Chryseis  crocea. 


Famaria  spicata,. 


Rhua,sp.  , 

XaUhoxylact*. 
AOantos  glandolosa . 


Iinum  nsitatissimom 


Balsamina  hortensis 

Impatieos  gland  uligera.. 


Pelargonium,  sp.  , 

CaiyophyUace*. 

Buflbma  annua 

Dianthns  barbatus   ... 

Ssponaria  annua  ...... 

Gypsophfla  elegans  ... 

Silene  inflate 

Viscaria  ocnlata    , 

Pharnaeemn,  sp.  ...... 

PoHnlacect*. 

Tilinam  cibatom 

Ctlasdrinia  speciosa.. 
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Num. 

if* 

PolygonacttE. 

3 

4 

5 

6 

8 

9 

lo'u 

13 

14 

15 

IB 

21 

25 

2627 

1 

42 

43 

* 
* 

* 

* 

* 

* 
* 

* 

* 

* 
* 

* 

St 

* 
* 

* 

* 
* 

* 

* 
* 
* 
* 
* 
* 
* 

* 

* 
* 
* 

* 
* 

* 
•* 

* 
* 

* 

♦- 
* 

* 

* 
* 

* 
* 
* 
St 

* 

St 

♦ 

* 
* 

St 

* 
* 
* 
* 
* 

* 
* 

* 
* 
* 

* 
* 

St 
* 

* 

St 

St 
* 
St 

St 

* 
St 
* 

St 
* 
* 

* 
* 

* 

* 
* 

* 
St 

* 

St 
St 

s- 
* 

St 
St 

* 

* 

St 
St 

♦ 

* 

St 
St 
St 

* 
* 
♦ 

St 
St 

St 

* 
* 
* 

* 
St 
St 
St 
St 

* 

* 
St 
St 

* 

St 
St 
St 

♦ 

* 
s> 

St 
St 

St 
St 

St 

St 
St 

♦ 

St 
St 
St 
St 
St 

* 

St 
St 
St 

* 
♦ 

St 
St 

* 

St 

* 
* 

St 
St 
St 
St 

* 
♦ 

St 

•  • 

s? 

St 
St 

St 
St 

St 

St- 

St' 

St 

St 
St 
St 
* 

* 
* 

* 

»• 

St 

St 

— 

* 

St 

* 

St 
St 

* 

* 

*t 

* 
* 

St 
St 

* 

St 
St 

•Sf 

♦ 

St 

St 

* 

St 

St 
St 

St 

* 

St 

* 

St 

"* 
* 
'* 

St' 

St 

s> 
*' 

St 

* 

♦ 

St 
*' 

St 

St 
St 

* 

St 

* 
* 

* 

St 

* 

St 
St 
St 

St* 

* 

*■ 

St 

s- 

St 

St 
St 

St 

* 

St 

♦ 

*' 
St 
St 

♦ 
* 

St 

St 
St 
St 

St 

St 

St 
St 

St 
St 

* 

St 

* 

St 
St 

St 

*■ 

St 
St 
St 

St 
St 

St 
'St 

♦ 

♦ 

St 
St 
St 
St 

St 
St 

St 
St 

St 
St 

* 

St' 
St 

s- 

St 
St 
St 
St 

St 

St 

St 
St 

St 

♦ 

St 
St 

St 
St 
St 
St 

♦ 

St 

St 
St 

St 
St 
St 
St 

St 
St 
St 
St 

St 

St 

St 
St 
St 

St 
St 

St 

*• 

a 

Rnmcz  obtnsifolium^....., 

Nyctaginacece. 
Mirahilin  Jalana    ......... mitt......... 

Phytolaccacea. 
Phytolacca  decandra    »••.......»....... 

Jmarantace*. 
Amarantus  caudatus.  ••••••  „,„,,„,„„ 

Chenapodiace*. 
Beta  vulgaris*. • ..«• 

&Mrt*ractf«. 

Metembryacea. 
Mesembryanthemum  crystallinum  ... 

Tetragoniacea. 
Tfetragonia  expansa  .M,.,nt—,,ti.t„, 

Tftgmdacem. 
Gnidia,  sp,*-*.. ..,..-♦*  •-«•*«• ..»-■■-•- 

ProtcacttSm 
LaucadcndroUf  sp«    iMMI , 

Legumbiota. 
Pultanca,  tp. •• 

Lupinus  polyphyllus. .....***....«....... 

Cro  talaris,  sp*  .......,,..,— ..,-tt,„ti. 

Aspalathus,  sp 

Ulex  europaeus 

Spartium  scoparium .*••..•*...... 

Cyti8iis  albus 

Melilotus  cserulea .....*. 

Medicago  maculata 

Psoralea  bitumiuosa 

Galen,  id... .« 

Colutea 

Pisurn  sativum 

Vicia  sativa   .'• • 

Faba  vulgaris...... 

Lathyrui  heterophyllus 

Orobus  niger.. 

Coronilla,  sp.. 

iKschynomcnc,  sp.   ...*t *... 

Hedysarum>  sp 

Clitoris,  sp 

Phaseolus  multiflorus  ...... .J.. ........ 

Tamarindus,  sp 

Gleditschia,  sp.. v 

Adenantbera,  sp.  •••• 

Robinia ., 

Pomace*. 
Cotoneaster  rotuudifolia  •»•., 

Crataegus  punctata  » ••• 

Jtotacece. 
Potentilla  ncpalentis    ,„„„„,„ 

Qeuni|  sp ...••• • 

Lythracta. 
Cupbca  procumbfins.  • .  «t  tttrtt*  it ....... 

RAamnace*. 
Cryptandra,  sp. *.......* 
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Petunia  odorata    

Datura  Stramonium 

Hyoacyamus  niger   

Nicandra  phyaaloides  

Solamim  o vinffr** m  •••••••• 

Ljcoperaicum  etculentnm 

CanBokmlacem* 
Convolvulus  major  

Pokmomaeettm 

Collomia  cocanea. 

Gilia  achiUoefolia 

Polemonium  carnleum 

HjfdmphyUaettB, 

Eutoca  viscida 

Phacelia  tanacetifolia  

Plaotago  media. 

irllMtMCMt 

Anagallis  arvenata 

Noiamactm. 
Nolana  atriplidfolia 

Baragmacem. 

Cerinthe  major 

Echiom  graodiflorum  ..... 
Cynogloatum  glocbidatam 

Labiatde. 
ElshoHzia  cristata........... 

Nepcta  cataria  j... 

Leonoras  cardiaca    ........ 

Stiagimace*. 
Hebenttreitia  tcnuifolia  .. 

Pcdaliace*. 
Marty  ai*  proboscidia  ..... 

Biffnoniaeea. 
Eccremocarpiia  scaber ..... 

Scropkulariace*. 

Schizanthus  pinnatus  

BrowaUia  elata 

Verbascum  Thaptua 

Alonaoa  incisa 

Linaria  Prezii    

Antirrhinnm  majua  

Collinsia  heterophylla 

Mimnlo*  raoachatus 

Digitalia  lutea  

Campanulace*. 
Campanula  Medium 

Faierianacea. 

Valeriana  officinalis 

fedia  dentata    

DiptacaceG. 
Dipsacns  lacUriatua 

Cbmpofite. 

Ageratam  mexicanum 

Aster  tenella 

Cawstemma  hortenaia 

Steuactis  speciosa 

Kaolfossia  amelloides  

Bophtbalmum  cordifoliam 
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Name. 


Zinnia  multiflort  

Rodbeckia  amplexictulis 

Coreopsis  atrosanguinea  

Helianthua  indicus   

Bidens  diversifolia    

Tagetes  lucida  

Helenium  Douglasii 

Callichroa  platyglossa  

Galinsogea  trilobata 

Sphcnogyne  speciosa 

Oxyura  chryaanthemoidea   .. 

Madia  splendens  

Lasthcnia  californica. 

Chrysanthenura  coronarium.. 

Araraobium  alatum  /••< 

Xeranthemum  anmrara 

Calendula  pluvialis  

Centaurea  depress* 

Carthamua  tinctoriui  

Arctium  Lappa 

Rhagadiolus  stellatus   

Catananche  casrulea  ....♦ 

Cichorium  Bndivia  

Tragopogon  porrifolium  ..... 

Arnopogon  Dalechampii 

Lactuca  sativa  

Barkbausia  rubra ..... 

OtULffTOCtdt* 

(Enotbera,  sp 

Godetia  lepida 

Clarkia  elegans 

Eucharidium  concinnum  ..... 
Lopezia  raceroosa . 

Myrtacem. 
Eucalyptus,  sp 

Loatacea. 

Loasa  lateritia  ..*« 

Bartonia  aurea 

UmbeWfer*. 

Petroselinura  sativum  

Carum  Carui 

Bupleurum  rotundifolium 

(Enantbe  crocata 

iEthusa  cynapioides 

Foeniculum  dulce 

Ligusticum  levisticum 

Angelica  Arcbansjelica 

Pastinaca  sativa 

Heraclcum  elegans  

Daucus  Carota 

Conium  maculatum 

Smyrnium  (Musatrum  


Age. 
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Oxford,  20tb  August,  1857. 


W.  H.  Baxter. 
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Continuation  of  Report  on  Steam  Navigation  at  HvXL    By  James 
Oldham,  C.B.  Hull,  M.LC.E. 

On  the  occasion  of  the  Meeting  of  the  British  Association  at  Hull  in  1853, 
I  had  the  honour  of  reading  a  short  paper  "  On  the  Rise,  Progress,  and  present 
Position  of  Steam  Navigation  at  Hull,"  and  thinking  that  a  continuation  of 
the  subject  might  be  interesting  to  the  Association,  to  show  the  increase  or 
advance  which  has  taken  place  since  1853,  I  have  prepared  a  second  Report 
as  a  Supplement,  which  I  beg  now  to  present,  but  as  it  consists  chiefly  of 
Tables  of  Statistics,  I  shall  only  read  to  you  the  summary  of  the  Tables,  com- 
paring them  with  those  of  1853  ;  before  doing  so,  however,  I  will  just  refer 
to  one  other  point  introduced  in  my  former  paper,  I  allude  to  the  facilities 
offered  in  the  Port  of  Hull  to  iron  ship-building.  I  then  called  upon  ship- 
owners of  that  Port  to  encourage  their  fellow-townsmen  in  this  important 
branch  of  art,  and  the  result  has  been,  that,  since  the  Meeting  of  1853,  about 
fifty-six  iron  ships  have  been  launched  and  completed,  and  by  the  end  of  the 
present  year  that  number  will  be  increased  to  sixty  iron  vessels  of  various 
descriptions,  which  will  have  been  built  in  Hull  by  two  houses,  viz.  Messrs* 
Charles  and  William  Earle,  and  Messrs.  Martin  Samuelson  and  Co.,  in  about 
four  years, — varying  in  tonnage  from  about  1600  downwards,  but  producing 
an  aggregate  of  about  27,000  tons  burthen.  Several  of  the  above  were  built 
for  other  British  Ports,  and  some  for  foreign  Companies.  The  result  is 
highly  encouraging,  and  although  a  mere  fraction  of  what  has  been  effected 
throughout  the  United  Kingdom,  yet  it  illustrates  the  spirit  which  animates 
the  determined  and  onward  movement  of  commercial  enterprise.  Our 
builders  too  have  made  rapid  improvements  in  both  ships  and  machinery, 
and  have  proved,  that,  by  following  out  the  principles  laid  down  by  Mr.  Scott 
Russell,  the  results  will  always  be  satisfactory.  I  may  mention  as  a  proof  of  this 
remark,  that  in  one  case  a  steam-ship  of  upwards  of  1100  tons  register,  and 
only  of  135  nominal  horse-power,  has  made  the  passage  from  Cronstadt  to 
Hull  with  a  full  cargo  of  goods,  of  upwards  of  1500  tons  weight,  in  5\  days. 

It  will  be  seen  by  the  summary  of  the  Tables  of  Statistics,  compared  with 
1853,  that  there  is  under  each  head,  except  one,  that  of  B,  a  great  increase 
of  steam  shipping,  viz. — A  gives  an  increase  of  10,564  tons  and  2755  horse- 
power.  B  a  decrease  of  1317  tons,  and  a  decrease  of  733  horse-power; 

but  this  is  chiefly  owing  to  some  of  the  steamers  having  been  placed  in  the 
list  B,  when  they  ought  to  have  been  in  list  D  of  1853. C  gives  an  in- 
crease of  15,363  tons  and  of  3066  horse-power. D  gives  an  increase  of 

1275  tons  and  of  676  horse-power. 

The  total  number  of  steamers,  leaving  out  several  tugs  and  other  boats, 
but  some  of  which  were  included  in  1853,  has  increased  from  81  to  131. 

The  total  increase  in  tonnage  is  25,885,  and  of  horse-power  5764. 

Tables  of  Statistics. 

The  following  Tables  show  the  present  position  of  Hull  in  regard  to  the  steamers  which 
belong  to,  or  trade  from  the  Port : — (A.)  Sea»going  steamers  belonging  to  the  port.  Total 
tonnage,  19,841 ;  horse-power,  5554 ;  averaging  3*57  tons  per  horse-power.— —(B.)  River 
steamers  belonging  to  the  port.    Total  tonnage,  901 ;  horse-power,  402 ;  averaging  2*24 

tons  per  horse-power. (C.)  Sea-going  steamers  belonging  to  other  ports,  but  trading  to 

HtilL    Tonnage,  21,272;  horse-power,  5302;  averaging  4*01  tons  per  horse-power. 

(D.)  River  steamers  belonging  to  other  ports,  bat  trading  to  HulL  Total  tonnage,  2431 ; 
hone-power,  1102 ;  averaging  2*20  tons  per  horse-power. 

The  total  number  of  steamers  trading  to  Hull  amounts  to  131,  of  the  aggregate  burthen 
of  44,445  tons,  and  12,360  horse-power ;  averaging  on  the  whole  3*60  tons  per  horse- 
power ;  giving  also  an  average  on  the  total  number  of  steamers  of  339*198  tons  each. 
Not**— 68  screw  and  63  paddle-steamers  « 131. 
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Report  of  a  Committee,  consisting  of  The  Rt.  Hon.  Earl  of  Hard- 
wicke,  Chairman ;  Mr.  Andrew  Henderson,  Mr.  John  Scott 
Russell,  Mr.  James  Robt.  Napier,  Mr.  Charles  Atherton, 
Mr.  Arthur  Anderson,  Rev.  Dr.  Woolley,  Admiral  Moor- 
80m  (vice  Mr.  W.  Mann),  Mr.  John  Macoreoor  (vice  Mr.  G.  F. 
Young),  Captain  J.  O.  Owen,  Professor  Bennett  Woodcroft, 
James  Perry,  and  Mr.  James  Yates,  Secretary,  appointed  to 
inquire  into  the  Defects  of  the  present  methods  of  Measuring  and 
Registering  the  Tonnage  of  Shipping,  as  also  of  Marine  Engine- 
Power,  and  to  frame  more  perfect  rules,  in  order  that  a  correct  and 
uniform  principle  may  be  adopted  to  estimate  the  Actual  Carrying 
Capabilities  and  tVorking-Power  of  Steam  Ships*. 

The  Committee,  having  held  its  sittings  weekly,  for  the  purposes  of  in- 
quiry and  the  reception  of  information,  beg  leave  to  present  the  following 
Report : — 

Your  Committee  think  it  necessary,  at  the  outset,  to  state  the  difficulties 
they  met  with  (incidental,  no  doubt,  to  all  private  committees  that  attempt 
to  inquire  into  laws  affecting  particular  classes)  in  inducing  individuals  to 
appear  before  them  to  give  evidence  on  this  subject,  or  to  give  information 
by  writing  or  correspondence. 

The  chief  information  now  derived  is  from  members  of  the  Committee, 
who,  being  personally  interested  in  the  subject,  were  naturally  biassed  in 
their  views  by  the  circumstances  that  surround  them. 

The  mode,  therefore,  your  Committee  thought  it  best  to  adopt,  for  the 
purpose  of  eliciting  information,  was  that  of  circulating  the  annexed  letter 
(see  No.  I.  in  Appendix),  specially  referring  to  eight  points  of  inquiry  bear- 
ing on  the  subjects. 

Copies  of  this  Circular  were  sent  to  the  Admiralty,  Navy  Board,  Board  of 
Trade,  Custom  House,  and  Treasury,  with  a  request  that  copies  might  be 
forwarded  to  the  various  Officers  under  Government  connected  with  the 
scientific  and  working  departments. 

Your  Committee  received  from  all  the  Government  Departments  a  refusal 
to  forward  those  questions. 

Copies  of  the  Circular  were  also  sent  to  all  the  Local  Marine  Boards,  to 
the  offices  of  the  public  newspapers,  at  shipping  ports,  and  to  many  gentle- 
men connected  with  science  and  trade. 

The  Local  Marine  Boards  declined  to  entertain  the  question. 

Answers  were  returned  from  several  individuals,  including  members  of 
your  Committee. 

Your  Committee  proceed  to  give  a  short  summary  of  the  replies,  which 
they  received  from  their  own  members,  and  which  are  inserted  in  the 
Appendix. 

Mr.  John  Scott  Russell  considers  the  object  of  registered  tonnage  is  the 
taxation  of  their  contents ;  the  present  is  a  mere  standard  of  taxation  I  that 
all  tonnage  dues  should  be  abandoned,  and  the  same  should  be  levied  on 
freight. 

For  scientific  purposes,  he  considers  that  the  register  tonnage  measurement 
cannot  be  of  any  service— does  not  consider  that  it  would  be  tolerated,  that 

•  See  Report  for  1866,  p.  466. 
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lines  of  construction  and  scientific  calculations  should  be  demanded  to  be 
given  up  under  an  Act  of  Parliament 

Considers  (on  the  question  of  steam  power)  that  it  would  be  neither  politic 
nor  expedient  to  attempt  to  define  power  in  a  form  more  absolute  than  the 
nature  of  the  subject  practically  admits. 

The  results  of  his  reflections  are,  that  nothing  is  necessary  to  be  now  done 
except  to  rectify  the  allowance  for  engine  room,  which  remains  fictitious  and 
arbitrary. 

Dr.  Woolley  thinks  it  hopeless  to  look  for  information  from  legislative 
enactments  that  would  be  useful  in  a  scientific  point  of  view. 

Thinks  that  in  the  levying  of  dues  on  shipping  it  is  impossible  to  devise  a 
general  rule  fairer  than  that  which  is  now  in  force. 

Does  not  tbink  the  public  much  interested  in  the  question. 

Does  not  doubt  that  the  more  science  is  brought  to  bear  in  shipbuilding 
the  greater  will  be  the  economy,  both  as  regards  the  first  cost  and  the 
management  of  vessels ;  and  owners  will  consequently  be  able  to  charge  a 
lower  price  for  carrying  goods  and  passengers. 

Considers  that  an  enforced  registration  should  have  for  its  object—- 

1st.  To  secure  a  fairness  in  levying  Government  dues. 

2ndly.  To  give  a  fair  idea  of  the  amount  of  tonnage  or  roomage  employed 
for  mercantile  purposes. 

Thinks  the   present   registration  sufficient   for  merely  statistical  pur- 


Thinks  the  present  law  makes  too  great  a  difference  between  steamers  and 
sailing  ships. 

Sees  no  valid  reason  for  making  distinctions  based  on  the  different  mate- 
rials of  which  ships  are  built,  or  making  discriminative  distinctions  between 
vessels  based  on  the  different  principles  of  machinery  with  which  they  may 
be  fitted. 

He  agrees  with  Mr.  Napier  in  thinking  an  enforced  registration  of  engine* 
power  needless. 

Mr.  James  Robert  Napier  considers  the  objects  of  registration  to  be  the 
I  vying  of  dues,  and  simplifying  the  process  of  transferring  the  property 
from  one  owner  to  another. 

Thinks  the  present  system  of  tonnage  measurement  is  more  minute  than 
is  necessary,  and  of  little  or  no  use  to  the  shipbuilder ;  is  inclined  to  take 
Mr.  Russell's  view  of  the  subject,  and  not  limit  the  load-draft  of  water. 

Does  not  see  any  reason  for  making  a  distinction  between  vessels  built  of 
wood  or  iron. 

Considers  nominal  horse-power  a  useless  term.  Instead  of  nominal  horse- 
power, be  would  substitute  simply  the  capacity  of  the  cylinders,  or  area  of 
cylinders,  multiplied  by  length  of  stroke.  This  would  be  positive  informa- 
tion, and  would  be  useful  in  buying  and  selling,  and  might  be  inserted  in 
the  registry  of  a  vessel. 

Thinks  a  legal  standard  of  power  would  remove  some  confusion  which  at 
present  exists. 

Mr.  Atherton  considers  that  the  present  registration  of  shipping,  as  re- 
spects tonnage  and  nominal  horse-power,  affords  no  definite  measure  of 
quantity,  either  as  to  ship  or  engines,  available  for  judging  of  the  relative 
capabilities  of  steam  ships. 

Thinks  the  statistics  of  trade,  based  on  the  present  expression  of  "ton- 
nage," does  not  indicate  the  amount  of  trade,  as  respects  the  weight  of  goods 
conveyed. 

Considers  that  there  is  no  constant  ratio  between  "  Tbns  Bvrdm"  and 
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"  Tons  Register?  and  the  capability  for  carrying  tons  weight  of  cargo ;  and 
therefore  the  present  official  registration  does  not  fulfil  the  advertising 
requirements  of  trade. 

Considers  that  no  definition  of  tonnage,  and  no  mode  of  determining  it, 
can  adequately  embrace  both  the  capability  of  a  ship  for  carrying  weight  and 
its  capacity  for  holding  bulk.  The  weight- tonnage  and  the  bulk-tonnage 
must  therefore  be  distinct. 

Considers  that,  as  the  present  scheme  of  registration  does  not  set  forth 
any  of  the  principal  dimensions,  as  length,  breadth,  and  depth,  or  the  load- 
line-draught,  or  give  the  displacement  either  at  light-draught  when  ready  to 
receive  cargo,  or  at  the  load-draught  or  submerging-draught,  it  cannot,  on 
any  definite  principle,  constitute  the  base  of  scientific  inquiry  into  the  com- 
parative displacement  and  consequent  dynamic  performances  and  merits  of 
ships,  nor  a  reliable  base  for  statistical  inquiry  into  the  imports  and  exports 
of  the  country. 

Does  not  consider  that  the  science  of  naval  architecture  would  be  in- 
terfered with  by  the  constructor's  deep  draught  of  water  forward  and 
aft,  or  some  regulation  limit  to  be  assigned  as  such,  being  made  an  item 
in  the  official  registration  of  every  ship,  and  duly  marked  on  the  ship 
herself. 

Considers  that,  in  forming  a  rule  for  placing  this  mark  to  regulate  the 
freeboard  limit,  an  investigation  into  existing  practice  (as  to  the  ratio  which 
actually  exists  between  the  freeboard  and  the  lengthy  breadth,  and  depth  of  the 
hull)  will  be  the  best  means  of  deducing  a  rule  for  determining  the  position 
of  the  mark  in  question.  Proposes  a  rule  to  exemplify  this  method  of  deter- 
mining the  freeboard  limit. 

Considers  that,  if  the  registration  be  based  on  admeasurements  compre- 
hensively adequate  for  deducing  therefrom  the  weight-tonnage  and  bulk- 
tonnage,  then  no  occasion  will  exist  for  discriminative  protection  in  favour 
of  any  particular  class  of  vessel,  whether  sailing-ship  or  steamer,  or  descrip- 
tion of  material  with  which  a  ship  may  be  built,  or  systems  of  machinery  by 
which  ships  may  be  propelled. 

Considers  the  present  registration  of  engine-power  a  delusion,  because  no 
definite  measure  of  power  has  been  assigned,  either  by  the  legislature  or  by 
the  practice  of  trade,  to  the  term  "  Nominal  Horse-power,"  as  indicating  the 
working-power  of  marine  engines. 

Considers  that  a  legalized  unit  of  horse-power  is  a  requirement  only  of 
secondary  importance  to  a  comprehensive  tonnage  registration. 

Considers  there  can  be  no  objection  to  a  system  prescribed  by  law,  whereby 
ships  are  to  be  measured  for  tonnage  registration,  to  include  their  capability 
for  carrying  weight,  in  addition  to  the  bulk-tonnage  prescribed  by  the  pre- 
sent law,  and  considers  that  all  official  admeasurements  should  be  made  on 
one  uniform  principle,  to  be  sanctioned  by  scientific  authority.  Shows  that 
weight-tonnage  would  assimilate  closely  with  metrical  tonnage. 

Admits  Sterling's  rule,  as  prescribed  for  the  measurement  of  ships,  by  the 
Act  of  1854,  to  be  based  on  strictly  scientific  principles,  but  regards  its 
practical  application  as  inconvenient,  and  not  self-detective  of  error,  and  a 
pirating  of  the  lines  of  ships. 

Considers  Mr.  Peake's  system,  for  various  reasons  stated,  as  the  best  for 
common  use  in  determining  cubical  admeasurements,  whereby  the  roomage 
and  tonnage  of  a  ship  may  be  ascertained  and  registered,  without  affording 
data  for  pirating  the  constructor's  lines. 

Mr.  Henderson  states  the  objects  of  registering  tonnage;  gives  a  table 
that  shows  the  mode  that  has  been  in  use,  and  the  measurements  for  ascer- 
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taiiriog  displacements  at  certain  specified  draughts  that  are  in  addition 
desirable ;  gives  a  proposed  form  of  certificate. 

Considers  the  plan  of  measurement  (at  present  used  under  the  Act  of  1854) 
practically  inefficient  for  obtaining  a  correct  mensuration  of  vessels,  in  con- 
sequence of  equal  divisions  not  being  always  attainable. 

Considers  that,  to  obviate  certain  defects  (stated  in  his  paper  given  in  the 
Appendix,  No.  6),  all  measurements,  besides  that  of  the  measuring  officers, 
should  be  attested  by  the  builder  and  owner,  &c 

Considers  that,  after  a  trial  of  two  years,  the  present  tonnage  measure* 
merit  and  registration  system  has  proved  deficient  and  non-effective  for  the 
attainment  of  most  of  the  objects  of  public  utility  which  registration  ought 
to  afford. 

Gives  a  comparison  of  four  modes  of  measurement,  on  paper  ruled  to  a 
scale,  £  inch  to  a  foot,  for  facilitating  the  process  of  admeasurement. 

Thinks  that  the  book  of  instructions  given  to  measuring  surveyors  should 
contain  practical  directions  and  diagrams  of  each  of  these  four  modes  of 
measurement. 

Thinks  that  the  measuring  officers  should  be  shipbuilders  or  nautical  men, 
experienced  in  taking  measurements. 

Admiral  Moorsom  is  of  opinion  that  every  vessel  should  incur  a  penalty 
which  is  loaded  so  as  to  sink  below  a  certain  draught  of  water. 

That  her  registered  tonnage  should  comprise  the  weight  of  water  between 
her  assigned  load-draught  and  that  draught  which  she  would  have  when  fit 
for  sea,  with  crew  and  stores  and  everything  on  board,  except  that  by  which 
she  earns  her  freight. 

He  proposes  a  plan  for  obtaining  the  results  required  for  registra- 
tion*. 

Considers  that  the  public  have  great  concern  in  the  improvement  of 
engines,  and  improvement  can  make  but  slow  and  fitful  progress  when  the 
power  exerted  and  power  given  out  are  not  known. 

Considers  that  any  measure  of  power  must  be  incomplete  without  the 
weight  of  fuel  which  is  the  originator  of  the  power,  and  in  any  general 
system  for  the  registration  of  engine  capability  we  must  include  the  con- 
structive details  of  the  boiler  as  well  as  the  cylinder. 

Such  an  expression  would  mean  a  given  weight  moved  through  a  certain 
space  in  a  certain  time  with  a  certain  weight  of  coal. 

Admiral  Moorsom  forwarded  also  a  pamphlet,  by  himself,  bearing  on  this 
subject,  which  will  be  found  in  the  Appendix. 

Mr.  James  Yates  shows  the  points  of  agreement  between  the  party,  as 
represented  by  Mr.  Moorsom,  Registrar-General  of  Tonnage,  and  that  repre- 
sented by  those  who  consider  the  present  system  of  registration  imperfect. 
Recommends  the  adoption  of  the  "  Metrical  Ton  "  as  the  base  of  a  ship's 
registered  tonnage. 

The  foregoing  is  a  brief  summary  of  the  answers  given  to  the  eight 
questions  circulated  by  your  Committee,  which  were  received  from  mem- 
bers of  the  said  Committee,  and  will  be  found  in  the  Appendix  to  this 
Report. 

Letters  from  Mr.  James  Peake  and  Admiral  Laws,  bearing  on  the  subject, 
were  received. 

That  from  Mr.  Peake  gives  a  full  explanation  of  his  method  of  calcu- 
lating the  tonnage  of  ships,  both  internally  and  externally. 

Your  Committee  have  also  received  answers  from  gentlemen  connected 
with  Science  and  Trade  to  the  effect,  as  follows : — 

*  Appendix,  No.  7. 
1857.  * 
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Mr.  Mansel  considers  that  the  registration  of  the  carrying  capability  of  a 
vessel  should  be  viewed  in  reference  to  weight  alone,  and  is  strictly  propor- 
tional to  her  external  volume  between  the  load  and  light-draught  water-lines, 
but  has  no  definite  relation  to  the  capacity  inside  of  the  inner  lining. 

Considers  that,  at  the  commencement,  the  desire  to  foster  the  growth  of 
steam-shipping  led  to  the  adoption  of  a  discriminating  tonnage,  to  an  extent 
injurious  towards  sailing  vessels,  and  erroneous  in  principle. 

Considers  that  the  capacity  sacrificed  to  fuel  alone  ought  to  have  been 
exempted  from  dues. 

Thinks  that  the  difference  between  the  displacement  at  the  %A/-draught 
and  the  displacement  at  the  foati-draught,  would  be  the  weight-carrying 
capability  of  the  ship  for  cargo  and  stores,  in  the  case  of  a  sailing  vessel,  and 
for  cargo,  fuel,  and  stores,  in  the  case  of  a  steam-ship ;  and  that  it  is  impe- 
rative that  this  difference  should  be  registered,  even  though  it  might  not  be 
taken  as  the  basis  for  levying  dues. 

Considers  that  the  present  law  for  measuring  ships  is  objectionable,  inas- 
much that  it  does  not  directly  imply  the  external  volume  of  the  vessel  upon 
which  the  carrying  capability,  cost  of  construction,  and  propulsion,  directly 
depend.  Also,  supposing  equal  strength,  it  is  our  interest  that  the  difference 
between  the  external  and  internal  volume  shall  be  a  minimum.  At  present, 
with  equal  displacement,  the  vessel  with  this  difference  greatest  pays  least 
dues,  and  thus  an  indirect  premium  is  given  to  the  worst  ship.  Again,  the 
method  of  allowing  engine  deduction  is  still  more  objectionable,  for  if  we 
fill  a  certain  portion  of  the  internal  volume  with  an  inefficient  mechanism, 
we  get  the  same  deduction  from  gross  tonnage,  as  if  the  same  portion  of 
the  same  vessel  had  been  filled  with  the  most  perfect  mechanism,  working 
up  to  a  much  greater  power,  to  the  disadvantage  of  the  better  mechanised 
ship. 

Considers  that  nominal  horse-power  implies  a  certain  area  of  piston  moving 
through  a  certain  space,  &c.  Indicated  horse-power  has  no  very  definite 
relation  to  the  above.  The  first  represents  more  nearly  the  commercial 
value  of  the  material  and  workmanship ;  the  second,  the  evaporative  power 
of  boiler,  fuel,  and  cost  of  working,  &c. 

Thinks  that  the  simplest  divisor  for  indicating  horse-power,  in  foot  lbs. 
per  minute,  should  be  100,000.  Sees  no  objection  to  retaining  the  old  and 
well-known  unit  of  33,000  foot  lbs.  per  minute  equal  to  one-horse  power, 
and  thinks  it  absolutely  essential  that  both  nominal  horse-power  and  indi- 
cated horse-power  should  be  defined  and  recognized  by  legal  enactment, 
and  form  part  of  the  registered  elements  of  ships — the  first,  or  engine 
register  of  nominal  horse-power,  being  essential  for  the  valuation  of  the 
engine,  and  the  second,  or  indicated  power,  for  the  working  expenses  of  the 
engine. 

Mr.  Greenhow  thinks  it  would  be  of  great  value  to  acquire  a  true  estimate 
of  the  capability  for  carrying  weight  of  cargo,  and  advances  his  reasons  for 
so  thinking : — 

Scientifically. — The  register  ought  to  be  a  decided  gauge,  by  which  to 
ascertain  her  capability  for  carrying  weight  of  cargo. 

Statistically. — The  returns  of  tonnage  now  published  afford  no  criterion 
by  which  to  judge  of  the  amount  of  produce  conveyed. 

Considers  that  the  present  system  of  tonnage  measurement,  as  prescribed 
by  the  Merchant  Shipping  Act  of  1854,  gives  very  incorrectly  "  the  internal 
roomage  of  ships."  , 

Sees  no  difficulty  in  a  change  towards  truth,  in  re-arranging  the  tonnage 
dues,  by  which  no  greater  amount  will  be  paid  by  the  shipowner. 
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Thinks  there  ought  to  be  a  limit  to  the  amount  of  lading.   .       -  . 

States  that  he  has  established  a  rule,  by  which  to  establish  t)r^Ji^^a.£jl~  v"  ^;*' 
the  light  and  load  line,  suited  to  the  varying  dimensions  of  differeh^alBb?*  v  *•  *>^' 

He  gives  the  plan  of  his  rule. 

Mr.  Lawrie  does  not  think  that  any  restriction  should  be  laid  on  the 
draught  of  water  in  a  ship,  but  that  it  should  be  left  in  the  hands  of  the 
insurers.  Thinks  a  radical  change  should  be  made  in  the  mode  of  measuring 
engine-power. 

Mr.  Schoneyder  finds  that  he  has  been  foiled  in  his  search  for  knowledge 
in  England,  as  regards  the  size  and  tonnage  of  ships,  as  well  as  their  engine- 
power;  the  present  system  of  registration  giving  him  no  information  on  this 
important  subject 

Mr.  Miller  thinks  that  the  present  rule  (Sterling's)  is  sufficient  for  all 
purposes  of  measurement,  and  gives  correct  data  for  whatever  measurements 
may  be  required ;  yet  he  considers  that,  in  addition  to  the  same,  there  should 
be  supplied  a  correct  scale  of  displacement ;  also  the  proper  position  of  the 
centre  of  gravity  of  displacement ;  centre  of  effort  of  sails,  and  the  length  of 
the  meta-centre,  or  centre  of  stability; — thereby  determining  the  ship's 
proper  trim. 

Does  not  think  it  equitable  or  advisable  to  make  a  discriminative  distinc- 
tion (to  the  extent  given  by  the  present  law)  between  sailing  ships  and 
steamers. 

Thinks  it  desirable  that  some  definite  system  be  adopted  that  might  deter- 
mine the  actual  working-power  of  steam-engines  for  marine  purposes. 

Mr.  Baxter  writes  on  the  loss  of  ships  at  sea,  and  thinks  that  the  capability 
of  a  ship  to  convey  a  cargo  safely  through  the  sea  is  in  no  way  defined,  or 
capable  of  being  judged  of,  by  the  present  system  of  tonnage. 

Mr.  Henry  Wright  states  that,  in  1839,  before  a  Committee  of  Inquiry  into 
the  cause  of  the  Wrecks  of  Timber  Ships,  it  was  found  that  in  1836-7-8,  out  of 
5427  vessels  which  cleared  from  British  North  America,  there  was  an  aggre- 
gate loss  of  226,  or  4' 164-  per  cent  by  wreck,  of  which  upwards  of  150  were 
at  sea,  the  remainder  being  wrecked  on  shore.  It  was  remarked  that  there 
were  lost  as  many  good  as  bad  ships,  showing  that  the  frailty  of  the  vessels 
was  not  the  sole  cause,  but  owing  to  improper  over-stowage.  The  result 
was  " interference"  and  the  loss  was  reduced  one-half. 

Mr.  Wright  demonstrates  the  weakness  of  the  present  law  to  prove  the 
overloading  of  a  ship,  and  that  insurance  offers  no  safeguard  whatever. 

Mr.  George  Rennie  states  that  he  agrees  generally  in  the  views  of  Mr* 
Atherton. 

Your  Committee,  having  duly  weighed  the  character  of  the  evidence,  and 
the  opinions  given  therein,  are  of  opinion, — 1st,  That  the  present  method  of 
measuring  and  registering  the  tonnage  of  shipping,  gives  a  very  close 
approximation  to  the  internal  capacity  of  a  ship ;  but  that  it  gives  no  mea- 
sure of  the  power  of  a  ship  to  carry  weight 

2ndly.  Engine  Power  (Horse-power),  though  an  item  of  registration,  yet 
has  no  practically  definite  or  legalized  signification,  as  a  measure  of  marine- 
engine  capability  for  working  power ;  no  unit  of  power  is  given,  and  there 
are  no  registered  data  by  which  the  working  capability  of  an  engine  can  be 
approximately  ascertained. 

Your  Committee  differ  in  opinion  as  to  the  capability  of  ships  for  carrying 
weight  being  made  an  item  of  registration,  but  if  one  denomination  of 
tonnage  only  is  to  be  recognized,  concur  in  the  opinion  that  "tonnage" 
(though  a  misnomer  as  applied  to  space)  should  be  continued,  as  under  the 
present  law,  to  be  based  on  the  internal  roomage  of  ships.    Consider  it 
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incompatible  with  the  principles  of  unrestricted  competition  to  make  arbi- 
trary discriminations,  in  the  measurement*  for  tonnage,  between  vessels  built 
of  timber  or  iron,  or  fitted  with  the  paddle  or  the  screw  (c  22  and  23),  for 
the  following  reasons  :— 

The  internal  capacity  of  iron  ships  (ships  built  upon  the  cellular  principle, 
like  the  'Great  Eastern ')  has  not  necessarily  a  greater  ratio  to  the  external 
bulk,  than  is  the  case  with  wooden  ships  (ships  built  on  the  diagonal  plank 
principle,  like  the  *  Nankin,' c  Niger,'  and  *  Banshee') ;  but  the  very  reverse 
may  be  the  case,  and  the  space  required  for  the  machinery  of  a  screw-6hip,  of 
given  power,  is  not  necessarily  either  greater  or  less  than  the  space  so 
occupied  by  engines  of  the  same  power  constructed  for  a  paddle-wheel 
vessel. 

Then,  again,  the  law,  in  its  present  discriminations  between  the  paddle 
and  the  screw,  does  not  meet  the  case  of  the  paddle  and  the  screw  combined 
(as  in  the  ( Great  Eastern'),  or,  indeed,  any  other  combination. 

It  therefore  appears  to  your  Committee,  that  discriminations,  as  regards 
the  material  of  which  ships  are  built,  or  different  mechanical  contrivances 
by  which  ships  are  propelled,  should  be  abolished. 

As  regards  the  discriminations  between  sailing  vessels  and  steamers  (sec- 
tion 23),  whereby,  in  certain  cases,  steamers  propelled  by  paddle  are  allowed 
37  per  cent,  and  when  by  screw,  32  per  cent,  to  be  deducted  from  the  gross 
tonnage,  in  consideration  of  the  space  occupied  by  machinery,  which  arbi- 
trary deduction  gives  no  consideration  to  space  actually  appropriated  to 
engine  room,  or  to  the  actual  power  or  weight  of  the  machinery,  without 
which  consideration  such  space  may  be  occupied  by  cargo,  this  discrimina- 
tion, and  the  mode  of  assessing  it,  appears  to  your  Committee  devoid  of 
principle,  and  not  just  even  between  steamers  themselves.  For  example, 
a  sailing  vessel  and  a  steamer  may  be  of  the  same  gross  tonnage  (say  1000 
tons),  but  in  consequence  of  the  steamer  being  fitted  with  auxiliary  ma- 
chinery, not  weighing  possibly  more  than  100  tons,  including  coals,  there  is, 
by  law,  in  the  special  cases  now  referred  to,  a  reduction  from  its  tonnage  of 
37  per  cent,  or  370  tons ;  and  again,  the  reduction  of  the  steamer's  tonnage 
may  be  370  tons,  whether  the  weight  of  the  machinery  and  coals  be  actually 
100  or  500  tons. 

That  in  making  a  deduction  for  propelling-machinery  and  fuel,  the  deduc- 
tion for  tonnage  based  on  space,  as  by  the  present  law,  should  be  rated  on 
actual  space  occupied',  and  as  respects  tonnage  based  on  weight,  the  reduc- 
tion would  in  effect  be  rated  on  the  weight  of  machinery,  the  same  being 
included  in  the  light-displacement,  which  would  be  deducted  from  the  load- 
displacement. 

Your  Committee,  considering  that  the  question  of  Government  dues  or 
private  dues  assessed  on  shipping  is  a  question  between  parties  in  the  state 
(which,  though  indirectly  bearing  on  this  inquiry,  yet  is  not  put  to  your 
Committee  as  a  question  for  their  consideration  and  report),  does  not  feel 
itself  called  upon  in  the  Report  to  enter  into  its  merits. 

On  the  subject  of  Engine  Power,  your  Committee  cannot  find  that  any 
statute  unit  of  power  has  ever  been  recognized  in  any  legislative  enactment 
for  fixing  standard  units  of  quantity  (9uch  as  the  standard  yard,  gallon, 
pound-weight,  &c).  The  registration  of  horse-power  is  prescribed  by  the 
Act  of  1854,  but  no  legalized  definition  is  given  of  the  term  as  a  measure  of 
mechanical  power,  nor  has  the  term  "  Nominal  Horse-power "  any  definite 
signification  in  trade  as  a  measure  of  working  power ;  and  consequently 
the  registration  of  the  engine-power  of  a  steam-ship  affords  no  certain  indi- 
cation of  her  engine  capabilities. 
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It  is  found  in  practice  that  the  actual  working-power  of  marine  engines, 
with  reference  to  their  nominal  horse- power,  fluctuates  upwards  of  100  per 
cent,  and  on  the  general  average  of  the  practice  of  the  present  day,  it 
appears  that  the  unit  of  marine  engine  horse-power  is  equivalent  to  100,000 
lbs.  raised  one  foot  high  per  minute  of  time,  being  equal  to  three  times  the 
unit  denominated  "  Indicated  Horse-power"  (viz.  33,000  lbs,  raised  one  foot 
high  per  minute). 

It  appears  to  your  Committee  that  the  legalization  by  statute  of  some 
standard  unit  of  power  is  an  indispensable  requirement  of  the  age ;  and  the 
question  is,  whether  33,000  lbs.  or  100,000  lbs.  raised  one  foot  high  per 
minute,  shall  be  recognized  and  legalized  as  the  standard  unit  of  power  to 
which  the  registration  of  marine  engine-power  should  have  reference. 

That  the  unit  designated  by  100,000  lbs.  raised  one  foot  high  per  minute, 
would  nearly  approach  the  working  capability  per  nominal  horse-power  of  the 
present  marine  engines,  is  admitted  ;  but  conceiving  that  a  registration  of 
engine  capability  would  still  not  give  all  the  information  as  to  the  engines 
which  registration  ought  to  embrace,  your  Committee  recommend  that  the 
registration  of  marine  engines  should,  in  addition  to  their  capability,  embrace 
the  number  and  diameter  of  the  cylinders,  and  length  of  stroke,  or  other  indi* 
cation  of  the  size  of  engine,  according  to  its  construction,  as  well  as  the  number 
and  size  of  the  boilers,  and  total  area  of  the  fire-grates,  whereby  the  size 
and  quantity  of  the  machinery  on  board,  irrespective  of  its  capability  for 
working  power,  may  be  at  any  time  compared  with  the  registered  description 
thereof. 

The  Committee  supposed  it  important  to  confine  the  Report  to  those  points 
on  which  a  definite  and  almost  unanimous  opinion  could  be  given.  With 
respect  to  the  question  relating  to  the  registration  of  weight-tonnage  and 
displacement,  after  maturely  considering  the  evidence,  the  Committee  did  not 
agree  in  such  a  manner  as  to  be  able  to  recommend  this  portion  of  the  subject 
for  legislative  enactment. 

(By  order  of  the  Committee)        Hardwicke, 

May  27, 1857.  *  Chairman. 


APPENDIX. 

No.  I. — Circular.— -7b  the  respective  Members  of  the  Committee  appointed 
by  the  British  Association  "  to  inquire  into  the  defects  of  the  present  methods, 
and  to  frame  more  perfect  rules  for  the  Measurement  and  Registration  of 
Ships  and  of  Marine  Engine  Power,  in  order  that  a  correct  and  uniform 
principle  of  estimating  the  actual  Carrying  Capabilities  and  Working  Power 
of  Steam  Ships  may  be  adopted  in  their  future  Registration? 

Sir, — Rear-Admiral  the  Right  Honourable  the  Earl  of  Hardwicke  having 
been  nominated  by  the  members  of  the  Tonnage  Committee,  "  to  officiate  as 
permanent  chairman  for  conducting  (with  the  assistance  of  a  private  secre- 
tary, whom  his  Lordship  may  be  pleased  to  nominate)  the  proceedings  of  this 
Committee,"  his  Lordship  has  directed  me  as  Secretary  (pro  tern.)  to  request 
that  the  members  of  this  Committee  will  be  pleased  to  meet  at  the  Hall  of  the 
Society  of  Arts,  Adelphi,  London,  on  Thursday,  1st  January  next,  at  eight 
o'clock  p.m.,  to  take  into  consideration  the  business  assigned  to  this  Com* 
mittee,  especially  with  a  view  to  concerting  as  to  the  points  of  statistical 
inquiry  on  which  this  Committee  may  require  to  avail  themselves  of  the  co- 
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operative  assistance  of  the  Statistical  Section  of  the  British  Association,  in 
accordance  with  the  recommendation  and  resolution  of  the  General  Com- 
mittee of  the  British  Association  to  that  effect. 

Preparatory  to  this  meeting  on  Thursday,  the  1st  January,  and  in  order 
that  the  opinions  of  each  of  the  members  of  the  Committee,  whether  present 
or  not,  may  be  known  and  duly  noticed,  it  is  requested  that  each  member 
will  be  pleased  to  communicate  in  writing,  on  or  before  Monday,  1st  De- 
cember next,  addressed  to  "  The  Secretary  of  the  Tonnage  Committee,  Society 
of  Arts,  Adelphi,  London,"  his  opinions  on  the  following  points,  and  on  such 
other  points  as  may  especially  occur  to  respective  members  in  relation  to 
the  matters  submitted  by  the  British  Association  for  the  consideration  of 
this  Committee  :— 

1.  To  particularize  the  objects  of  public  utility,  fiscal,  mercantile,  scien- 
tific, and  statistical,  sought  to  be  attained,  or  which  may  be  promoted  by  a 
complete  system  of  measurement,  and  comprehensive  registration  of  the 
tonnage  capabilities  of  ships,  and  the  engine  capabilities  of  steam  ships. 

2.  Admitting  that  the  present  system  of  tonnage  admeasurement,  as  pre- 
scribed by  the  Merchant  Shipping  Act  of  1854,  giving  the  internal  roomage 
of  ships,  affords  useful  data  for  registration  so  far  as  it  goes,  what  are  the 
additional  details  of  admeasurement  which  are  required  to  give  the  capability 
of  ships  for  carrying  weight  of  cargo,  and  in  other  respects  necessary  to  render 
the  official  registration  of  shipping,  as  periodically  published  by  authority  in 
the  Mercantile  Navy  List,  complete  and  effective  for  the  objects  of  public 
utility  above  referred  to? 

S.  To  particularise  in  what  respects  the  present  system  of  tonnage  and 
engine-power  admeasurement  and  registration,  as  prescribed  by  Part  2  of  the 
Merchant  Shipping  Act  of  "  1854,"  is  deficient  and  not  effective  for  the 
attainment  of  the  objects  of  public  utility  above  referred  to. 

4.  Following  the  example  of  limitations  eommonly  prescribed  by  Govern- 
ment in  matters  wherein  public  safety  is  concerned,  such,  for  example,  as 
protection  from  fire  in  Building  Acts,  what  are  the  objections  to  the  official 
assignment  of  some  limit  to  the  load-draught  of  water,  based  on  ordinary 
conditions  of  protection  from  wreck,  at  which  ships  may  leave  port;  and 
presuming  on  the  necessity  for  some  limit  being  assigned  which  the  draught 
of  water  may  not  exceed,  by  what  rules  may  this  limit  be  most  correctly 
determined,  and  by  what  regulations  may  it  be  most  effectually  enforced 
without  involving  unnecessary  interference  with  mercantile  shipping  trans- 
actions ? 

5.  In  what  respects  is  it  commercially  equitable,  or  in  other  respects 
advisable,  to  make  a  discriminative  distinction  between  sailing  ships  and 
steamers  in  the  measurement  of  the  registered  tonnage  on  which  dues  may 
be  charged  ou  shipping? 

6.  In  what  respects  is  it  commercially  equitable,  or  in  other  respects  advi- 
sable, in  the  measurement  and  calculation  of  registered  tonnage,  to  make  a 
discriminative  distinction,  based  on  the  different  materials  (whether  wood  or 
iron,  or  a  combination  of  both)  with  which  ships  may  be  built,  or  on  the 
different  principles  of  machinery  (whether  paddle-wheels,  screw-propeller, 
paddle  and  screw  combined,  water-jet,  or  other  appliance)  with  which  ships 
may  be  fitted? 

7.  Seeing  that  no  definite  measure  of  power  has  been  specifically  fixed  by 
law  as  the  statute  unit  of  mechanical  power  (as  has  been  done  to  regulate  all 
other  measures  of  quantity,  as  in  the  cases  of  the  statute  yard,  the  statute 
acre,  the  statute  gallon,  the  statute  pound,  &c.),  and  seeing,  moreover,  that 
in  the  practice  of  trade,  the  "  nominal  horse-power"  of  a  steam-ship  does  not 
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define  the  measure  of  power  available  for  the  propulsion  of  the  ship  (the 
capability  of  engines  for  the  production  of  working  power  with  reference  to 
their  nominal  horse-power  being  notoriously,  in  some  cases,  the  double  of 
what  it  is  in  others),  what  steps  should  be  takeu  to  remedy  this  incongruity ; 
and,  presuming  on  its  being  determined  to  adopt  some  specific  measure  of 
power  as  the  legalized  standard  unit  of  power,  what  definition,  measure,  or 
amount  of  power,  should  (in  the  opinion  of  the  respective  members  of  this 
Committee)  be  adopted  as  the  statute  unit  of  marine  engine-power,  and  by 
what  name  should  it  be  called,  viz.  whether  "  horse-power,"  or  "marine  horse- 
power," or  M  statute-power,"  or  "  units  of  power,"  or  other  denomination  ? 

8.  The  respective  members  of  Committee  are  requested  to  state  their 
opinion  whether  it  be  advisable  that  any  particular  mode  of  prosecuting  the 
details  of  measurement  and  working  out  the  calculations  thereof  (such,  for 
example,  as  Sterling's  rule)  should  be  prescribed  by  law  for  the  measurement 
of  ships,  as  is  done  by  the  Merchant  Shipping  Act  of  "  1854;"  or,  ought 
the  system  of  taking  the  measurements  and  working  out  the  calculations  to 
be  left  to  the  discretion  of  the  chief  officer  of  the  department  on  whom  the 
responsibility  for  the  scientific  prosecution  and  accuracy  of  the  calculations 
will  professionally  rest,  as  in  the  case  of  the  astronomical  calculations  for  the 
Nautical  Almanac  published  by  Government,  but  for  which  the  system  of 
prosecuting  the  observations  and  deducing  the  calculations  is  not  prescribed 
by  law,  but  determined  and  improved  from  time  to  time,  as  may  be,  by  the 
astronomer ;  and  if  it  be  considered  that  a  prescribed  mode  of  working  out 
the  calculations  ought  to  be  fixed  and  enforced  by  law,  is  the  rule  (Sterling's) 
now  enforced  by  the  Merchant  Shipping  Act  the  best  rule  now  known  and 
practised  for  calculating  the  cubature  of  ships  ? 

It  is  not  expected  that  the  respective  members  of  this  Committee  will  indi- 
vidually express  opinions  on  each  and  all  of  the  various  points  above  sub* 
mitted  for  their  consideration,  but  it  is  requested  that  each  member,  according 
to  his  special  avocation,  experience,  or  acquirements,  will  address  himself  to 
those  points  on  which  he  may  be  regarded  as  an  authority ;  and  as  the  com- 
plete elucidation  of  the  matters  referred  to  this  Committee,  with  a  view  to  the 
public  good,  is  the  duty  assigned  to  this  Committee,  it  is  requested  that  each 
member  will  not  only  express  his  own  opinion,  but  seek  information  and  confer 
with  others  within  his  sphere  conversant  with  the  matters  referred  to,  though 
not  members  of  this  Committee ;  and  for  the  purpose  of  aiding  in  this  object 
of  obtaining  information,  duplicate  copies  of  the  points  of  investigation  above 
propounded  are  enclosed  herewith. 

It  is  further  purposed,  that  as  soon  as  the  written  opinions  or  answers  of  the 
respective  members  of  the  Committee,  to  be  given  in  on  or  before  Monday, 
the  first  day  of  December,  shall  be  received  by  the  Secretary,  addressed  as 
above  directed,  copies  thereof  will  be  forwarded  to  each  of  the  members  of 
this  Committee  for  mutual  information,  and  in  order  that  further  confirma- 
tion, or. correction,  or  amendment  of 'the  original  opinions,  may  be  thus 
elicited,  to  constitute  the  base  of  the  general  report  to  be  discussed  and 
settled  at  a  future  meeting  of  this  Committee,  preparatory  to  being  presented 
to  the  British  Association  at  their  ensuing  meeting. 

I  am,  Sir,  your  obedient  Servant, 

Charles  Atherton, 

Woolwich  Dockyard,  Nov.  6, 1850.  Secretary ,  pro  tern. 

No.  2. — Mr.  J.  Scott  Russell  (Member  of  die  Committee'). 
1st,  2nd,  3rd.    The  original  object  of  legislation  for  tonnage  appears  to 
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have  been  the  taxation  of  their  contents.  A  keel  of  coals  was  a  vessel  of 
given  size,  carrying  a  given  bulk  and  weight  of  coals.  The  present  imperial 
tonnage  scale  is  still  a  mere  standard  of  taxation.  It  is,  however,  much  more 
common  to  tax  the  ship  according  to  this  imperial  tonnage,  than  to  levy  the 
tax  on  her  contents,  as  originally  intended.  Taxation  by  tonnage  is,  there- 
fore, arbitrary ;  to  distribute  taxation,  or  to  exact  tonnage  dues  equitably, 
they  should  be  levied  on  the  actual  freight  or  cargo,  and  not  on  the  mere 
vehicle  which  conveys  them.  If  this  were  done,  the  present  tonnage-laws 
might  be  altogether  repealed,  or  retained  for  statistical  purposes  merely.  It 
would  tend  much  to  the  promotion  of  the  commerce  of  this  country,  if 
shipping  were  thus  emancipated  from  the  present  inequitable  restrictions,  by 
the  abandonment  of  all  tonnage  dues  and  tonnage  registration  for  "Jiscal 
purposes"  Dues  for  lights  and  harbours,  if  levied  on  actual  freights  and 
cargoes,  would  be  much  more  equitably,  and  not  less  efficiently,  levied  than 
at  present  I  agree  with  Mr.  Napier  in  thinking  this  the  best  solution  of  all 
the  difficulties  connected  with  the  tonnage  question. 

•  If  this  were  done,  register  tonnage  would  remain  as  a  mere  record  of  the 
internal  capacity,  or  of  the  room  inside  of  ships,  an  imperial  ton  being 
retained,  as  now,  to  indicate  a  space  of  100  cubic  feet,  or  a  space  of  5  feet, 
by  5  feet,  by  4  feet.  Such  measure,  used  for  mere  statistical  purposes,  would 
be  unobjectionable. 

For  mercantile  purposes,  that  is,  for  chartering  or  hiring  ships,  the  present 
law  is  most  convenient  The  bulk  of  the  room  which  the  charterer  hires, 
and  the  owner  receives  payment  for,  is  measured  with  sufficient  precision  for 
such  practical  purposes. 

For  scientific  purposes,  at  least  for  purposes  of  naval  architecture,  it  does 
not  appear  to  me  that  anything  of  the  nature  of  register  tonnage  or  measure- 
ment can  be  of  any  service.  The  construction  plans,  or  lines  of  a  ship  given 
by  a  shipbuilder,  with  all  the  elements  of  her  construction,  if  combined  with 
a  record  of  her  performance,  and  an  authentic  account  of  her  sailing  quali- 
ties, would  be  of  great  value.  Anything  short  of  this,  recording  some  of 
her  elements,  and  excluding  others,  would  be  more  likely  to  mislead  than 
inform.  Shape  is  a  principal  element  in  the  performance  of  a  ship,  aud  the 
lines  of  the  ship  are  required  adequately  to  give  that.  I  do  not  think  that 
it  would  be  tolerated  in  this  country  by  shipbuilders  that  their  lines  of  con- 
struction and  scientific  elements  and  calculations  should  be  demanded  to  be 
given  up  under  certain  clauses  by  Act  of  Parliament;  neither,  if  this  diffi- 
culty were  overcome,  could  records  of  qualities  be  obtained  compulsorily,  to 
give  the  compulsory  elements  of  construction — the  scientific  value  which 
they  would  only  obtain  by  an  equally  compulsory  record  of  performance. 
Careful  experiments,  made  by  individuals  or  associations,  can  alone  be 
expected  to  afford  scientific  data  of  this  nature. 

4.  The  example  of  Government  interference  in  such  matters,  is  so  bad  an 
example,  that  it  should  be  avoided  rather  than  followed,  in  imposing  restric- 
tions on  the  shipping  trade.  There  is  no  reason  to  regard  the  Government 
of  our  country  as  either  more  interested  in  enabling  a  ship  to  perform  her 
journey  safely,  or  more  able  to  judge  of  the  conditions  of  such  safety,  than 
her  captain  and  her  owner.  As  every  different  form  of  ship,  and  every 
different  quality  of  ship,  and  various  species  of  cargo  and  each  different 
voyage  would  admit  of,  and  require,  a  different  degree  of  loading— this  must 
be  left  to  the  captain  and  owner,  who  know  their  ship  and  their  business, 
instead  of  being  consigned  to  officers  who  cannot  know  it. 

5.  It  is  a  mistake  to  suppose  that,  in  giving  to  steam-ships  an  exemption 
from  payment  of  tonnage  dues  on  their  engine-room  and  coal- bunkers,  they 
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are  obtaining  a  preference  over  sailing  vessels.  On  the  contrary,  it  is  essen- 
tial to  fairness  that  such  exemption  should  be  given.  Sailing  ships  already 
possess  such  exemption  in  the  existing  tonnage-law.  The  divisor  100,  in 
the  tonnage-law,  gives  that  exemption.  The  real  ton  of  freight  is  40  cubic 
feet  in  most  things,  and,  in  some,  50  feet  The  difference  between  the  mer- 
cantile ton  of  40  feet,  and  the  imperial  register  ton  of  100  feet,  is  designed 
to  give  the  shipowner  ample  exemption  for  that  portion  of  the  internal  room 
of  a  phip  which  is  occupied  by  captain's  cabins,  sailors'  berths,  sails,  cables, 
cordage,  chains,  anchors,  sea-stores,  provisions,  and  all  the  requisites  of 
mooring  and  working  the  ship.  This  exemption  has  been  recognized  in  all 
the  tonnage-laws  of  this  country.  It  has  been  merely  extended  to  the  steam- 
ship on  the  same  footing — the  propelling  power,  and  all  provisions  for  it, 
being  included  in  a  similar  exemption.  The  error  of  the  present  law  con- 
sists in  making  that  exemption  on  an  arbitrary  tonnage,  instead  of  the  actual 
tonnage  of  engine  room— an  error  which  no  time  should  be  lost  in  re- 
medying. 

6.  I  do  not  see,  and  cannot  imagine,  why  any  exemption  should  be  made 
other  than  that  of  the  actual  room  occupied  by  engines,  boilers,  and  fuel. 

7.  The  only  true  measure  of  power  is  the  work  actually  performed  by  a 
marine  engine ;  this  work  will  vary  with  the  talent  of  the  maker,  with  the 
care  and  intelligence  of  the  keeper  of  the  engine,  with  the  age  and  condition 
of  the  boiler,  and  with  the  qualities  and  loading  of  the  ship.  In  the  absolute 
sense  of  true  power,  two  engines,  in  which  all  the  main  dimensions  are  alike, 
and  both  perfectly  new,  will  give  out  a  totally  different  practical  result.  This 
is  why  the  engine  of  one  maker  is  well  worth  £60  per  horse-power,  and  of 
another  not  worth  £30.  Yet,  under  varying  circumstances,  a  given  engine 
will  perform  double  at  one  time  from  another. 

Owing,  therefore,  to  the  great  variety  in  kinds  and  qualities  of  engines,  it 
is  neither  politic  nor  expedient  to  attempt  to  define  power  in  a  form  more 
absolute  than  the  nature  of  the  subject  practically  admits.  The  scale  com- 
•  monly  used  among  engineers  for  buying  and  selling  engines  is  just  as  good  as 
any  other,  so  long  as  the  talent  of  the  builder  and  the  knowledge  of  the  uses 
is  a  main  element  of  power  of  a  marine  engine.  It  is  a  question  of  name 
and  character  more  than  of  dimensions  and  measure.  Legislation  cannot 
safely  try  to  trammel  such  elements. 

8.  Practically,  Sterling's  rule,  or  Attwood's  rule,  or  Chapman's  rule,  or 
any  ordinary  intelligent  rule,  will  tell  very  accurately  the  cubic  contents  of 
the  inside  of  a  ship.  I  do  not  see  any  grave  fault  in  the  present  rule,  though 
I  will  not  assert  that  some  more  minutely  precise  rule  for  purposes  of  abstract 
science  might  not  be  given. 

Conclusion. — The  result  of  considerable  thought  and  pains  given  to  this 
examination  is  that,  in  my  opinion,  we  need  not  ask  any  alteration  of  the  law 
regulating  Imperial  Register  Tonnage,  except  the  rectification  of  the  allow- 
ance for  engine-room,  which  remains  fictitious  and  arbitrary.  Neither  should 
I  recommend  any  further  interference  of  Government  officers  with  the  regis- 
tration or  working  of  ships  or  steam- vessels.  I  look  for  the  advancement  of 
naval  architecture  rather  to  the  association  of  naval  constructors  and  men  of 
science  with  each  other,  and  the  mutual  communication  of  their  notions  and 
knowledge,  than  to  empirical  efforts  of  legislation ;  and  I  hope  for  progress 
in  navigation,  rather  from  the  general  advancement  of  education  and  know- 
ledge, among  all  who  are  concerned  in  shipping,  than  from  any  trammels 
which,  in  the  disguise  of  assistance  and  regulation,  Government  might  be 
induced  to  impose  on  the  captains  and  owners  of  ships. 

February  17,  1857. 
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No.  S.— Rev.  Dr.  Woolley.  (Member  of  the  Committee). 
To  the  Hon.  Secretary  of  the  Tonnage  Committee. 

Portsmouth  Dockyard,  Feb.  27,  1857. 
Sir, — I  regret  that  so  few  members  of  the  Committee  have  put  us  in 
possession  of  their  opinions  on  the  subjects  on  which  we  have  to  report; 
especially  that  no  actual  builder  of  ships  has  given  us  the  benefit  of  his 
experience. 

As  regards  the  report,  I  am  of  opinion  that  we  should  keep  in  view  two 
objects: — 1.  The  particularising  of  the  useful  objects  which  an  interchange 
between  shipbuilders  of  information  with  regard  to  ships  actually  built  by 
them,  might  be  expected  to  produce.  2.  Those  objects  which  an  enforced 
registration  ought  to  attain. 

1.  On  a  careful  consideration  of  the  whole  subject,  I  have  embraced  the 
decided  opinion  that  it  is  hopeless  to  look  for  such  information  as  would  be 
useful  in  a  scientific  point  of  view  from  legislative  enactment.  There  are  so 
many  points  beside  light  and  load  displacement,  indicated  horse-power,  &c, 
which  must  be  known  in  order  to  form  a  sufficient  scientific  estimate  of  the 
value  of  a  ship,  that  I  fear  an  enforced  registration  of  certain  particulars 
would  be  found  to  be  a  delusion.  Our  scientific  objects  can  best  be  attained 
by  the  voluntary  association  of  persons  interested  in  shipbuilding  and  the 
science  of  naval  architecture.  If  the  British  Association  would  lend  the 
sanction  of  its  authority  to  the  recommendation  of  the  institution  of  a  Naval 
Architectural  Society,  it  would,  I  think,  be  conferring  a  greater  boon  on 
science  than  by  any  other  means. 

Legislative  interference  is  very  much  to  be  deprecated,  except  to  serve  an 
object  in  every  way  commensurate  with  the  evils  which  all  restrictions  impose 
upon  trade.  We  cannot  too  jealously  guard  against  unnecessary  restraints, 
and  should  be  very  chary  of  calling  for  Government  assistance.  The  well- 
known  maxim  of  Horace  applies  with  great  force  to  legislative  interference 
with  matters  of  this  kind — 

Nee  Deus  intersit  nisi  digitus  vindlce  nodus 
Incident. 

I  cannot  say  that  it  appears  to  me  that  any  adequate  object  has  been  pro- 
posed in  the  various  answers  to  the  eight  queries  of  which  I  have  received 
an  abstract.  On  one  point  all  seem  agreed,  viz.  that  absolute  fairness  in  the 
incidence  of  tolls  can  only  be  secured  by  charging  in  every  case  on  the  actual 
freight.  Short  of  this,  and  if  it  be  not  feasible  to  make  the  actual  freight 
the  basis  of  levying  the  dues,  then  I  am  of  opinion  that  it  is  impossible  to 
devise  a  general  rule  fairer  than  that  which  is  now  in  force. 

I  cannot  see  that  the  public  are  much  interested  in  this  question.  The 
ownership  of  ships  is  in  a  sufficient  number  of  hands  to  protect  the  public 
from  anything  like  a  monopoly,  and  to  render  the  application  of  the  princi- 
ples of  supply  and  demand  secure.  The  competition  existing  among  ship- 
owners is  a  sufficient  security  that  the  carriage  of  goods  will  be  fixed  at  the 
lowest  remunerative  price.  No  doubt  the  more  science  is  brought  to  bear 
on  shipbuilding  the  greater  will  be  the  economy,  both  as  regards  the  first 
cost  and  the  management  of  vessels,  and  owners  will  consequently  be  able 
to  charge  a  lower  price  for  the  carriage  of  goods  and  passengers.  But  I  do 
not  think  that  the  application  of  science  is  to  be  sought  by  legislative 
enactment 

2.  An  enforced  registration  would  have  for  its  object — First,  to  secure 
fairness  in  levying  Government  dues  (in  case  dues  should  continue  to  be 
levied  on  tonnage);  and  secondly,  to  give  a  fair  idea  of  the  amount  of  ton- 
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nage  or  roomage,  or  winterer  it  may  be  called,  employed  for  mercantile 
purposes.  The  apace  available  at  the  usual  rate  of  40  cubic  feet  to  a  ton,  it 
quite  sufficient  for  the  purpose ;  and  as  the  internal  roomage  divided  by  100 
does  on  the  average  bear  a  definite  ratio  to  this  space,  I  am  inclined  to  think 
that  the  present  registration  is  sufficient  for  merely  statistical  objects. 

Among  the  reasons  which  have  weighed  most  with  me,  in  arriving  at  the 
above  conclusions,  are  the  following  :— 

In  ail  the  rules  which  have  been  established  by  Act  of  Parliament  for  the 
measurement  of  tonnage,  the  legislature  has  had  one  object  in  view,  viz.  to 
provide  for  the  fair  incidence  of  tolls. 

If  measurement  by  weight  were  taken  as  the  basis  of  registration,  external 
measurement,  as  proposed  by  the  Tonnage  Committee  of  1849,  viz.  up  to 
the  deck,  would  not  be  more  correct  than  the  present  legalised  internal 
measurement ;  and  it  would  have  the  disadvantage  of  offeriug  an  induce- 
ment to  build  ships  of  insufficient  strength — as  the  greater  the  ratio  of  the 
internal  to  the  external  capacity  for  the  greater  number  of  cargoes,  the  more 
advantageous  would  the  arrangement  be  to  the  owner.  It  is  generally 
acknowledged  that  a  comparatively  large  interior  space  or  roomage,  is  of  prin- 
cipal importance  in  the  eyes  of  shipowners;  and  that  it  would  not  be  a  recom- 
mendation generally,  that,  with  a  small  internal  capacity,  a  vessel  possessed 
large  capacity  for  carrying  weight.  If,  therefore,  the  registration  were  based 
on  external  measurement,  it  would  become  the  interest  of  the  owner  to 
reduce  the  scantling  of  the  vessel  to  the  lowest  possible  dimensions— even 
verging  upon  danger. 

The  '  Great  Eastern/  now  building  at  Miilwall,  will  have  a  large  external 
displacement  compared  with  its  internal  roomage,  owing  to  its  being  built  on 
the  cellular  principle.  I  cannot  think  this  an  advantage,  viewed  merely  in  a 
commercial  or  economical  point  of  view,  as  the  prime  cost  is  greater,  and  the 
vessel  when  built  is  not  as  available  for  the  ordinary  run  of  merchandise  as 
others  which  have  a  proportionably  larger  internal  roomage. 

The  strength  of  a  vessel  is  a  very  important  element  in  its  construction ; 
and  it  appears  to  me  that  the  registration  of  tonnage  for  dues  on  the  external 
instead  of  the  internal  measurement  up  to  the  deck  would  operate  greatly  to 
the  detriment  of  this  element* 

The  carriage  of  passengers  cannot  be  considered  as  among  the  least 
lucrative  of  the  uses  to  which  a  ship  may  be  put.  The  room  required  for 
each  passenger  is  out  of  all  proportion  greater  than  the  weight  of  himself 
and  luggage.  Passenger,  ships,  with  a  comparatively  small  displacement, 
require  large  internal  roomage ;  and  as  all  covered  spaces  are  included  in  the 
present  internal  measurement,  the  incidence  of  dues  is  far  more  just  on  the 
present  law  than  it  would  be  on  a  law  whioh  established  a  system  of  mere 
external  measurement. 

It  has  been  urged  that  the  prevalence  of  shipwrecks  and  consequent  loss 
of  life  must  be  laid  to  the  door  of  the  present  defective  state  of  shipping 
registration.  I  do  not,  however,  find  that  the  result  of  the  inquiries  of  per- 
sons most  competent  to  judge  corroborates  this  view.  Among  the  causes 
which  the  seamen  themselves  (no  incompetent  judges)  urge,  such  as  the 
enormous  competition  of  late  years,  insufficiency  and  incompetency  of  crews 
and  officers,  I  do  not  find  the  overloading  of  ships.  I  cannot  but  infer  from 
this  significant  silence  that  such  a  cause  is  not  in  operation,  at  least  to  any 
considerable  extent. 

To  appreciate  the  qualities  of  a  vessel  in  a  scientific  point  of  view,  a  know- 
ledge of  the  light  and  load  displacements,  as  well  as  of  the  area  of  midship 
section,  and  of  the  form  of  the  ship,  especially  towards  the  bows  and  stern, 
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is  absolutely  indispensable.  The  qualities  of  the  vessel,  as  shown  at  sea,  are 
also  necessary  elements  to  forming  this  estimate.  Of  these  none  but  the 
load  and  light  displacements  have  been  proposed  to  become  the  subjects  of 
registration ;  and  these  alone  would  by  no  means  supply  that  information 
which  must  form  the  basis  of  all  scientific  estimate. 

External  measurements  up  to  the  deck,  as  proposed  by  the  Commission  of 
1849,  would  afford  no  data  for  obtaining  a  knowledge  of  the  light  and  load 
displacement.  The  first  requisite  for  this  purpose  is  to  fix  a  definite  load 
water-line.  The  impracticability  of  defining  such  limit,  openly  avowed  by 
one  Royal  Commission,  has  been  felt  and  acted  on  by  all.  There  is  no  rule 
of  science  which  can  establish  it — it  is  always  to  a  certain  extent  a  matter  of 
judgment,  and  it  varies  not  only  with  every  different  condition  of  lading  and 
trim,  but  also  with  the  season  of  the  year.  It  may  be,  or  it  may  not  be,  that 
a  rule  for  the  defining  of  free-board,  in  other  words,  the  distance  between  the 
load  water-line  and  the  deck,  expressed  in  definite  parts  of  the  principal 
dimensions,  may  answer  tolerably  well  for  the  actual  practice,  with  regard 
to  a  considerable  proportion  of  our  present  mercantile  navy;  but  such  a 
rule  can  be  nothing  but  the  merest  empiricism,  would  certainly  not  satisfy  a 
majority  of  persons  at  present  interested  in  shipping,  and  might  be  found 
absolutely  inapplicable  to  vessels  built  on  some  improved  principle,  which 
not  only  may,  but  probably  will,  be  introduced  into  naval  architecture  within 
a  few  years.  The  fixing  of  the  load  water-line  on  other  than  strictly  scien- 
tific principles  (and  no  such  exist),  would  in  all  probability  check  improve- 
ment and  progress ;  and  would  certainly  be  very  unworthy  of  the  recom- 
mendation of  a  professedly  scientific  body  like  the  British  Association. 

I  think  also  that  an  official  assignment  of  a  limit  to  the  load-draught  of 
water  would  be  attended  with  vexatious  interference  on  the  part  of  local 
officials  most  inimical  to  trade ;  and  I  think,  with  Mr.  Laurie,  that  this  is  a 
matter  which  may  be  safely  left  to  be  settled  between  the  insurers  and  the 
insured.  It  is  difficult  to  conceive  any  mode  of  determining  legally  this 
limit,  which  cannot  be  assigned  on  any  scientific  principle  that  would  not 
operate  as  a  check  to  the  progress  of  science  in  the  art  of  shipbuilding,  which 
must  be  free  if  it  is  to  flourish  with  vigour. 

On  the  fifth  question  I  am  now  prepared  to  state  my  opinion,  that  the 
present  law  makes  too  great  a  difference  between  steamers  and  sailing  ships. 
For  the  very  same  reason  that  a  fractional  part  only  of  the  contents  of  a 
sailing  ship  is  taken  as  the  registered  tonnage,  which  in  the  first  instance  was 
undoubtedly  to  allow  ample  room  for  the  crew  and  all  the  necessary  stores 
and  equipment  of  the  vessel,  I  think  that  the  excepting  from  the  tonnage  the 
space  actually  occupied  by  the  engines,  boilers  and  coals,  is  equitably  fair. 
The  measurement,  however,  should  be  limited  to  the  space  actually  occupied 
by  the  engines,  &c.  It  would  be  unfair  to  include  the  space  in  that  on 
which  dues  are  paid.  Not  only  are  the  first  cost  and  the  expenses  of  work- 
ing a  steam-ship  much  greater  than  those  of  a  sailing  vessel  of  the  same 
capability  of  carrying  cargo,  but,  in  consequence  of  the  motive  power,  the 
dues  of  the  one  are  paid  three  or  four  times  for  each  payment  by  the  other. 

With  regard  to  the  sixth  question.  In  the  absence  of  any  information 
from  practical  shipbuilders,  I  can  see  no  valid  reason  for  making  any  distinc- 
tion whatever,  based  on  the  different  materials  of  which  ships  may  be  builL 
A  wooden  ship  and  an  iron  ship  built  on  the  same  lines,  and  calculated  for 
the  same  deep  draught,  would  differ  somewhat  in  capability  of  carrying 
eargo,  the  difference  being  in  favour  of  the  iron  ship,  which  would  also  pay 
a  somewhat  higher  rate  of  dues,  having  a  larger  internal  capacity.  On  the 
whole  I  believe  by  registration  of  internal  capacity  the  assessment  is  pretty 


ON  THE  MEASUREMENT  OP  SHIPS  FOR  TONNAGE  77 

fairly  apportioned  between  vessels,  whatever  be  the  material  of  which  they 
are  composed.  Nor  can  I  see  more  reason  for  making  a  discriminative 
distinction  between  vessels,  based  on  the  different  principles  of  machinery 
with  which  they  may  be  fitted. 

With  regard  to  the  seventh  point.  Although  the  term  horse-power,  and 
the  measure  of  useful  effect  which  it  represents,  have  not  been  specifically 
fixed  by  law,  I  apprehend  that,  in  case  of  a  question  arising  between  builder 
and  purchaser,  with  regard  to  the  term  indicated  horse-power,  the  law-courts 
would  have  no  difficulty  in  arriving  at  a  definite  meaning  of  this  term. 

Not  only  in  England,  where  it  originated,  but  in  America,  and  generally 
throughout  the  civilized  world,  the  measure  of  useful  effect,  to  which  the 
name  horse-power  is  given,  viz.  33,000  lbs.  raised  one  foot  high  per  minute, 
has  long  been  accepted.  The  confusion  which  would  be  introduced  by  the 
adoption  of  any  other  measure  would  be  much  more  than  equivalent  to  any 
advantage  which  would  attend  its  adoption,  this  advantage  being,  at  the 
most,  the  approximate  assimilation  of  the  indicated  horse-,  as  at  present  deve- 
loped by  engines  on  the  average,  to  the  nominal  horse-power.  The  great 
name  of  Watt  has  given  a  value  and  currency  to  the  present  measure,  which 
have  placed  it  beyond  all  rivalry ;  nor  could  any  new  measure  hope  to  come 
into  competition  with  it. 

The  object  of  the  proposal  to  fix  the  statute  power  by  Act  of  Parliament, 
seems  to  be,  to  require  that  the  registered  power  should  be  a  real  measure 
of  the  power  exerted.  It  appears  to  me  that  nothing  could  be  more  difficult 
than  to  subject  this  to  an  effective  measurement,  depending,  as  it  does,  upon 
so  many  different  qualities.  If  it  be  proposed  to  register  the  horse-power  as 
indicated,  on  trials  of  ships  under  certain  specified  circumstances,  nothing 
could  well  be  more  delusive,  as  it  would  be  by  no  means  difficult,  according 
as  it  suited  the  interest  of  the  owner  or  maker,  to  make  this  power,  so  deve- 
loped, vary  within  almost  any  assignable  limits,  on  one  side  or  other,  of  the 
power  which  would  be  usually  exerted.  Nothing  can  be  imagined  more 
inquisitorial  than  to  require  private  individuals  to  make  such  trials  of  their 
engines — and  all  merely  to  serve  scientific  purposes— which  trial?,  after  all, 
could  not  be  in  the  least  depended  on. 

The  present  nominal  horse-power  is  useful  as  giving  the  dimensions,  &c. 
of  the  engine,  which  must  form  the  basis  on  which  contracts  are  to  be  made. 
It  is  indifferent  whether  this  be  retained  in  its  present  form,  or  the  several 
items  be  given  under  the  name  of  "  Engine  Register."  I  agree  with  Mr. 
Napier  in  thinking  an  enforced  registration  of  engine-power  needless.  I 
cannot  see  what  the  public  have  to  do  with  it.  It  is  the  business  of  the 
customer  to  enter  into  such  a  contract  with  the  engine-maker,  as  to  secure 
his  obtaining  the  article  he  wants.  The  terms  of  a  contract  are  of  course 
open  to  arrangement  between  the  parties  interested ;  and  if  in  addition  to 
the  dimensions,  &c.  of  the  engine,  the  contract  includes  the  stipulation  that 
on  a  trial  trip,  under  certain  specified  conditions,  the  engine  shall  work  up  to 
some  defined  limit  of  indicated  horse-power,  I  apprehend  that,  in  case  of 
litigation,  a  jury  would  experience  no  difficulty  arising  from  indefiniteness 
in  the  term  Indicated  Horse-power.  There  never  has  been  more  than  one 
measure  of  this  important  element,  and  there  seems  no  necessity  of  calling 
in  the  aid  of  Parliament  to  fix  it.  I  apprehend  that  no  practical  difficulty 
has  been  felt  on  this  score. 

With  regard  to  the  eighth  query: — 1st,  I  see  no  comparison  whatever 
between  the  calculations  for  the  '  Nautical  Almanac*  and  the  calculations  for 
ships.  Astronomical  science  embraces  a  wide  field ;  and  many  of  the  acutest 
minds  in  Europe  are  employed  on  it    In  the  vast  variety  of  methods  in  use 
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in  practical  astronomy,  it  is  to  be  expected  that  improvements  should  be 
continually  made ;  and  it  is  of  course  advisable  that  the  officers  charged  with 
the  responsibility  of  bringing  out  the  'Nautical  Almanac'  should  be  able  to 
avail  themselves  of  improved  methods.  Moreover,  the  Astronomer  Royal, 
who  is  always  one  of  the  most  eminent  men  of  science  in  this  country,  and 
it  may  also  be  said  in  Europe,  is  the  superintendent-in-chief  of  the  €  Nautical 
Almanac'  The  reputation  and  acknowledged  ability  of  the  scientific  officers 
concerned  in  this  case  are  a  sufficient  guarantee  of  the  accuracy  of  the 
methods  they  employ. 

The  rule  or  rules  employed  for  the  calculation  of  tonnage  or  displacement 
are  of  a  very  different  nature.  As  a  matter  of  fact,  no  real  improvement 
has  been  made  in  the  method,  in  a  scientific  point  of  view,  since  the  days  of 
Newton,  the  rule  called  Simpson's  or  Sterling's  having  in  reality  been  invented 
by  Newton.  The  great  merits  of  this  rule  are,  that  it  is  as  accurate  as  any 
rule  for  the  measurement  of  a  figure  not  strictly  geometric  can  be,  and  that 
it  is  simple  and  easy  of  application.  As  applied  to  obtain  internal  roomage, 
Stirling's  rule  requires  only  measurements  to  be  taken  at  certain  intervals, 
and  these  measurements  are  very  easily  made.  The  whole  process,  after  the 
measurements  are  made,  is  simply  arithmetical.  The  accuracy  of  the  mea- 
surements can  be  tested  by  laying  them  down  to  a  fixed  scale  on  paper,  and 
passing  a  curve  through  them ;  but  this  curve  is  not  required  for  the  purpose 
of  making  the  calculations. 

Mr.  Peake's  method  is  founded  on  the  very  same  principle ;  but,  in  the 
points  wherein  it  differs,  it  is,  in  my  opinion,  no  improvement  First  areas 
of  sections  are  calculated  as  usual ;  then  two  sets  of  calculations  are  after- 
wards required  to  complete  the  operation.  The  areas  of  sections  are  repre- 
sented on  paper  by  lines  set  off  to  a  certain  scale,  and  an  elaborate  system  of 
exhausting  the  area  so  formed  is  employed.  This  is  evidently  a  far  more 
complex  and  difficult  process  than  to  make  simple  calculations  from  ordi- 
nates  at  once.  In  taking,  also,  the  greatest  distances  from  various  base- 
lines of  points  in  the  curved  portion,  Mr.  Peake  assumes  that  he  obtains  the 
areas  more  correctly  than  Sterling's  rule  gives  them.  This  is  a  mere  assump- 
tion, founded  on  no  known  property  of  the  parabola,  which  is  the  curve 
supposed  to  pass  through  any  three  points. 

We  know  that  a  parabola  may  be  made  to  fulfil  five  conditions;  if  it  pass 
through  three  points  it  fulfils  three  of  these — and  its  having  its  axis  parallel 
to  a  fixed  line,  is  equivalent  to  the  fulfilment  of  the  other  two.  We  know 
also,  that  a  parabola  so  drawn,  subject  to  the  ordinary  conditions  under  which 
this  (Sterling's  method)  is  applied,  is  palpably,  to  the  eye,  coincident  with 
the  section  of  the  ship.  It  is,  at  all  events,  impossible  to  draw  a  regular  curve 
more  nearly  coincident  with  it. 

It  would*  be  very  dangerous,  as  it  would  be  unnecessary,  to  leave  subordi- 
nate agents  to  exercise  their  own  discretion  in  the  use  of  methods  for  calcu- 
lating tonnage,  when  a  rule  so  simple  and  correct  as  Sterling's  is  at  their 
command.  1  conceive,  therefore,  that  no  alteration  is  required,  or  advisable, 
in  the  rule  now  in  force  under  the  Merchant  Shipping  Act  of  1854. 
I  have  the  honour  to  be,  Sir,  your  obedient  Servant, 

1.  Yatei,  Esq.  JOSEPH  WoOLLRY. 

No.  4k— Mr.  James  Robert  Napier  (Member  of  the  Committee). 

Glasgow,  March  t,  1857. 

Reply  to  Tonnage  Committee's  Circular  of  6th  November,  1856,  by 
James  R.  Napier. 

1.  The  objects  of  registering  shipping  I  believe  are,— 1st.  For  the  purpose 
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of  levying  such  dues  as  to  reimburse  the  proprietors  of  docks,  harbours, 
rivers,  lighthouses,  &c.  &c,  for  the  expenses  they  may  have  been  at  in  pro* 
▼iding  such  accommodation.  2nd.  For  the  purpose  of  simplifying  the  process 
of  transferring  the  property  from  one  owner  to  another.  3rd.  The  shipbuilder 
and  shipowner  might  wish  to  know  the  efficiency  of  a  vessel,  but  I  cannot 
conceive  that  auy  public  registration  is  necessary  for  this  purpose,  as  the 
shipbuilder  or  engineer  has  all  the  elements  in  his  possession  for  finding, 
what  may  be  called,  the  scientific  efficiency,  and  the  shipowner's  cash  account 
will  soon  show  him  the  mercantile  efficiency,  by  the  profits  he  is  making 
upon  his  capital ;  and  I  do  not  see  that  the  public  have  anything  to  do  with 
the  question. 

S.  The  present  system  of  tonnage  admeasurement  is  more  minute  than  is 
necessary,  and  of  little  or  no  use  to  the  shipbuilder,  as  his  designs,  calcula- 
tions, &c  arq  based  almost  exclusively  upon  the  weight  of  ship  and  cargo, 
and  seldom  upon  her  internal  rooraage. 

4.  I  am  inclined  now  to  take  Mr.  Russell's  view  of  this  subject,  and  not 
to  limit  the  load-draft  of  water. 

5.  I  have  not  sufficiently  considered  this  question. 

6.  I  cannot  see  any  reason  for  making  a  distinction  between  vessels  built 
of  wood,  iron,  or  of  any  other  material,  in  their  measurement.  In  the  re* 
gistration,  the  material  may  be  named ;  it  would  be  useful  to  do  so. 

7.  Nominal  horse-power  is  a  useless  term.  It  has  no  relation  whatever  to 
the  power  the  machine  may  be  exerting,  and  is  a  very  round-about  and  even 
indefinite  way  of  expressing  the  size  of  a  steam-engine,  or  rather  of  its 
cylinders.  According  to  the  Government  ideas  of  the  subject,  even  where 
every  length  of  stroke  (in  paddle-wheel  engines)  has  a  different  velocity  for 
the  piston  to  travel,  the  size  of  cylinders  for  a  given  power  is  quite  indefi* 
nite.  It  is  useless  for  the  purposes  of  buying  and  selling,  for  the  cost  of 
construction  does  not  vary  as  the  nominal  horse-power.  Instead  of  nominal 
horse-power,  I  would  substitute  simply  the  capacity  of  cylinders,  or  area  of 
cylinders,  x  length  of  stroke.  This  is  positive  information,  and  would  be 
useful  in  buying  and  selling,  and  might  be  inserted  in  the  register  of  the 
vessel.  A  legal  standard  of  power  would  remove  some  confusion  whioh  at 
present  exists,  and  as  the  elements  of  such  a  standard  are  already  recognized, 
viz.  the  lb.,  the  foot,  and  the  minute  or  second,  there  can  be  little  difficulty 
in  combining  them,  and  calling  the  unit  "  foot  pounds,"  or  "  ft  lb*.,"  per 
minute  or  per  second.  A  horse-power  is  already  known  to  be  33,000  foot 
lbs.  per  minute,  and  I  see  no  good  reason  for  changing  this  term. 

8.  Sterling's  rule  is  very  good,  but  all  vessels,  large  and  small,  ought  to 
be  divided  into  the  same  number  of  ordinates,  and  five  ordinates  would  give 
a  near  enough  approximation  to  the  capacity  of  the  ship  for  all  the  ordinary 
purposes  of  trade. 

No.  5. — Mr.  Charlbs  Atherton  {Member  of  the  Committee). 

General  Summary  of  his  Report. 

The  foregoing  matters  touching  the  Merchant  Shipping  Act  of  1854,  have 
been  thus  generally  gone  into  for  the  purpose  of  opening  up  those  points  of 
inquiry  which  bear  especially  on  the  limited  duties  assigned  to  this  Com- 
mittee by  the  British  Association,  namely,  "  To  inquire  into  the  present 
methods,  and  to  frame  more  perfect  rules  for  the  measurement  and  regis* 
tration  of  ships  and  of  marine  engine-power,  in  order  that  a  correct  and 
uniform,  principle  of  estimating  the  actual  carrying  capabilities  and  working* 
power  of  steam-ships  may  be  adopted  in  their  future  registration,"  and  tht 
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conclusion  at  which  I  arrive  on  the  points  thus  referred  to  this  Committee 
are, — that  the  Merchant  Shipping  Act  of  1854  is  an  admirably  conceived 
base  of  legislation,  intended  to  concentrate  all  the  objects  for  which  legisla- 
tion, in  its  protection  of  public  interests,  can  be  called  upon  to  take  cogni- 
zance of  shipping  affairs ;  that,  so  far  as  the  inq nines  assigned  to  this  Com- 
mittee are  concerned,  and  which  relate  exclusively  to  Part  2  of  the  Act, 
there  appears  to  be  no  absolute  necessity  for  the  cancelling  any  part  of  the 
existing  clauses;  but  it  is  necessary  that  the  provisions  of  the  Act  be 
extended  to  meet  the  following  requirements,  which  are  indispensable  to  the 
protection  and  promotion  of  public  interests. 

1.  The  Act^f  1854  is  defective,  in  so  far  that  the  prescribed  registration, 
though  called  tonnage,  takes  no  direct  cognizance  whatever  of  the  tons 
weight  of  cargo  that  will  either  sink  the  ship,  or  that  will  immerse  a  ship 
down  to  any  definite  gauge-mark.  The  consequence  is,  that  a  ship  chart- 
ered for  the  conveyance  of  merchandise  may  be  filled  with  some  descrip- 
tions of  goods  without  being  half-loaded,  or  sunk  with  other  descriptions  of 
goods  without  being  half-filled.  To  remedy  this  deficiency,  it  is  necessary 
not  only  that  the  registration  shall  give  the  capacity  of  a  ship  for  holding 
cargo,  as  is  done  by  the  present  law,  but  also  the  capability  for  carrying 
weight  of  cargo  as  determined  by  the  weight  that  will  sink  the  ship  down  to 
a  given  gauge-mark,  to  be  fixed  upon  the  stem  and  stern  or  amidships  of 
every  ship. 

2.  The  Act  of  1854  is  defective,  in  so  far  that  it  prescribes  no  regulations 
whereby  the  draught  of  water  at  which  ships  actually  put  to  sea  may  be 
officially  inspected  and  recorded,  with  reference  to  a  statute  gauge-mark,  as 
above  described,  to  be  fixed  upon  every  ship,  such  record  to  be  received  as 
evidence  in  the  case  of  questions  subsequently  arising  as  to  the  condition  in 
which  ships  put  to  sea ;  for  the  want  of  which  record  many  of  the  provisions 
of  the  Act,  evidently  intended  for  the  protection  of  life,  become  futile  for 
want  of  proof  as  to  the  freeboard  with  which  ships  put  to  sea. 

8.  It  is  submitted  that  the  official  imposition  of  a  gauge-mark  to  be  fixed 
on  the  stem  and  stern  of  ships,  or  amidships,  for  the  purposes  above  referred 
to,  would,  of  itself,  without  any  interference  whatever  on  the  part  of  Govern- 
ment officers  in  the  loading  of  ships,  tend  greatly  to  the  prevention  of  over- 
loading, whereby  ships  are  rendered  unmanageable  and  life  endangered. 
The  provisions  of  the  Act  for  the  protection  of  life  would  then  become 
operative  instead  of  being  a  dead  letter  as  respects  the  overloading  of  ships. 

4.  The  Act  of  1854  is  deficient,  in  so  far  that  it  does  not  prescribe  the 
measure  of  the  unit  by  which  the  registered  engine  power  of  steam-ships  is  to 
be  determined,  nor  has  any  other  Act  of  Parliament  prescribed  the  unit  of 
power  by  which  engine-power  may  be  legally  ascertained  and  designated  ; 
nor  has  engineering  practice  adopted  any  specific  unit  as  the  measure  by 
which  marine  engine-power  is  bought  and  sold.  It  is  admitted  that  the 
working-power  of  marine  engines,  as  supplied  to  Government  by  the  must 
eminent  engineers  under  contract  at  the  nearly  uniform  price  of  £50  per 
nominal  horse-power,  fluctuates  upwards  of  100  per  cent  with  reference  to 
their  nominal  power,  which  regulates  the  cost  Under  these  circumstances, 
the  registration  of  engine  power,  without  reference  to  any  legalised  statute 
unit,  is  an  imposition  on  public  credulity. 

5.  It  is  submitted  that  the  legalisation  of  a  statute  unit  of  power,  and  the 
legislative  obligation  that  the  registered  power  or  engine  capabilities  of 
steam-ships  shall  be  ascertained  and  registered  with  reference  to  the  said 
statute  unit,  will  be  no  more  of  government  interference  with  mercantile  and 
engineering  affairs,  than  is  the  imposition  of  the  statute  lineal  foot,  the  statute 
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gallon,  or  the  statute  ton  weight  A  legalised  statute  unit  of  power  is  a 
positive  requirement  of  the  age.  It  is  not  proposed  that  there  shall  be  any 
obligation  as  to  engines  being  worked  up  to  the  full  power  that  they  are 
capable  of  developing,  any  more  than  that  ships  shall  not  put  to  sea  without 
being  fully  loaded. 

6-  It  is  farther  submitted  that  the  deficiencies  of  the  Act  of  "  1854,"  in 
tespect  of  the  defective  registration  above  referred  to,  vitiate  the  public 
statistics  of  the  country  so  tar  as  based  on  the  registration  of  shipping ;  for, 
as  shown  in  the  foregoing  pages,  the  ratio  between  the  registered  tonnage 
of  a  ship,  and  its  capability  for  safely  carrying  weight  of  cargo,  depends  in 
great  measure  on  the  dimensions  or  proportions  of  length,  breadth  and  depth 
of  the  ship ;  so  much  so,  that  (as  shown)  a  ship  of  2000  tons  register  may  be 
so  proportioned  as  to  have  no  displacement  available  for  cargo  without 
encroaching  on  the  freeboard  necessary  to  the  safety  of  the  ship,  whilst  an- 
other ship  may  be  so  proportioned  externally  and  constructed  internally  as 
to  carry  safely  the  double  of  her  registered  tonnage,  especially  in  the  case 
of  auxiliary  powered  steam-ships,  which  now  threaten  to  supersede  sailing 
ships  altogether.  Hence  the  mere  registered  tonnage  of  ships  is  not  of  itself 
a  statistical  criterion  of  the  extent  of  trade,  excepting  in  so  far  as  respects 
the  carrying  power  of  similarly  proportioned  and  similarly  built  vessels. 

7.  Registration  under  the  Act  of  "  1854?"  does  not  meet  the  requirements 
of  commercial  operations,  as  shown  by  shipping  advertisements,  which  fre- 
quently ignore  the  legalised  registration  under  the  Act  of  "  1854,"  and  refer  to 
other  designations  of  tonnage,  such  as  gross  tonnage,  tons  buqlen,  tonnage 
O.AL,  tons  (without  designation),  all  which  terms  are  made  use  of  irrespec- 
tive of  the  .register  ton,  and  not  one  of  all  these  five  terms  for  tonnage 
expresses  or  has  any  constant  ratio  whatever  to  the  one  thing  needful,  namely, 
the  tons  weight  of  cargo  that  a  ship  will  carry  with  reference  to  any  statute 
gauge  mark.  Then,  again,  we  see  engines  advertised  as  100  H.P.  nominal, 
but  450  H.P.  effective,  and  neither  nominal  H.P.  nor  effective  H.P.  have 
any  statute  signification  or  definite  ratio  to  each  other. 

8.  The  Act  of  "1854"  in  respect  of  its  registration  deficiencies,  is  obstruc- 
tive of  the  application  of  science  to  maritime  engineering  and  architecture, 
as  respects  all  investigations  into  the  comparative  "dynamic  performances  of 
steam-ships  as  a  means  for  practically  determining  the  best  type  of  form  for 
the  respective  purposes  or  services  for  which  ships  may  be  required.  The 
extent  to  which  this  exclusion  of  science  for  so  important  a  part  of  naval 
engineering  and  architecture  as  that  of  developing  the  dynamic  economy  of 
different  types  of  ships,  is  adverse  to  public  interests,  may  be  judged  of  from 
the  fact,  that  on  estimating  the  comparative  dynamic  capabilities  of  ships  of 
given  size,  and  required  to  steam  at  a  given  speed,  but  of  different  types  of 
form,  by  any  recognised  law  of  scientific  comparison,  a  vast  difference  of 
dynamic  merit  is  found  to  be  prevalent  The  great  majority  of  ships  are 
found  to  be  of  a  low  order  of  dynamic  merit,  below  what  has  been  found  to 
be  practically  realisable ;  so  much  so,  that  the  average  of  the  generality  of 
shipping  requires  probably  25  per  cent,  more  power  to  attain  a  given  speed 
than  is  required  (caterU  paribus)  by  vessels  of  the  superior  type,  which  is 
occasionally  produced ;  and  when  it  is  considered  that  the  trade  and  navi- 
gation returns  for  "  1856"  show  that  the  foreign  import  and  export  trade  of 
Great  Britain,  as  indicated  by  the  registered  tonnage  of  shipping,  amounts  to 
18  millions  of  tons  per  annum,  whilst  the  home  trade  amounts  to  26  millions, 
being  a  total  of  44  millions  of  tons  per  annum,  sea-borne  trade  (that  is,  if 
the  weight-carrying  capability  of  ships  be  on  the  average  eaual  to  the 
register  tonnage),  and  as  the  cost  of  all  merchandise  to  the  consumer, 
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such  as  corn  and  cotton,  depends  considerably  on  the  cost  of  transport,  it 
mast  be  admitted  that  the  registration  of  tonnage  and  engine  power,  though 
required  only  for  the  exclusive  purpose  of  rendering  science  available  for 
improving  the  dynamic  performances  of  steam-ships,  is,  of  itself,  a  considera- 
tion which  demands  the  interference  of  the  legislature  as  the  guardian  of 
public  interests  in  all  public  affairs. 

In  conclusion,  therefore,  it  is  submitted  that  the  defective  condition  of  our 
shipping  registration  under  the  Act  of  "  1854,"  is  such  as  demands  the  con- 
sideration of  parliament  with  a  view  to  the  extension  of  the  Act  to  meet  the 
following  requirements : — 

1.  That  a  statute  gauge-mark  shall  be  affixed  on  each  side,  amidships  of 
every  ship,  for  indicating  the  statute  freeboard,  the  exact  position  of  said 
mark  to  be  determined  by  a  rule  based  on  the  length,  breadth  and  depth  of 
the  ship  taken  in  such  proportions  as  the  legislature  shall  determine,  and 
corresponding  marks  shall  be  fixed  on  the  stem  and  stern  at  such  position  in 
line  with  the  midship  mark  as  the  approved  water-line  trim  of  the  vessel 
shall  indicate,  and  the  dimensions  of  length,  breadth  and  depth  by  which 
the  position  of  the  midship  mark  is  determined  shall  be  registered* 

2.  That  in  addition  to  the  present  registration  of  tonnage,  based  on  inter- 
nal measurement,  the  registration  shall  include  the  displacement  of  the  vessel 
when  light  ready  to  receive  cargo  equipped  in  all  respects  ready  for  sea,  but 
not  including  coals  and  other  consumable  stores,  also  the  displacement  when 
immersed  down  to  the  statute  gauge-marks  before  referred  to,  and  the  total 
displacement  measuring  up  to  the  deck ;  these  displacements  taken  in  cubic 
feet,  to  be  rated  at  35}  cubic  feet  to  the  ton  weight,  and  the  difference 
between  the  light  displacement,  and  the  statute  gauge-mark  displacement, 
to  constitute  the  registered  weight-tonnage  of  the  ship. 

8.  That  the  draught  at  which  ships  actually  put  to  sea  shall  be  inspected 
and  recorded  with  reference  to  the  statute  gauge-mark  on  the  stem  and 
stern  of  the  ship. 

4.  That  a  standard  measure  of  power  be  determined  and  legalised  as  the 
statute  unit,  to  which  the  registration  of  the  engine  power  of  steam-ships  shall 
have  reference ;  the  registered  power  shall  be  that  which  engines  and  boilers 
shall,  for  the  time  being,  be  capable  of  continuously  exerting,  the  same  being 
ascertained  by  means  of  the  indicator,  as  usual  in  the  trial  of  steamers,  and 
calculated  by  the  statute  unit. 

Charles  Athkrton. 

Woolwich  Dockyard,  3rd  March,  1S57. 


No.  6.— Mr.  Andrew  Henderson  (Member  of  the  Committee). 
General  Summary  of  his  Report 

The  British  Association  having  appointed  a  Committee  "  to  inquire  into 
the  defects  of  the  present  methods,  and  to  frame  more  perfect  rules  for  the 
measurement  and  registration  of  ships  and  marine  engine  power,  in  order 
that  a  correct  and  uniform  principle  may  be  adopted  in  their  future  regis- 
tration," the  following  review  of  the  opinions  and  information  is  submitted, 
premising  that  the  members  of  the  Committee,  being  unanimous  in  opinion 
that  the  removal  of  all  fiscal  dues  levied  on  tonnage  would  be  the  best  solu- 
tion of  all  the  difficulties  connected  with  the  tonnage  question.  Although 
not  included  in  the  above,  it  was  considered  so  important,  that  the  writer  waa 
deputed  by  the  Committee  to  seek  information  on  the  subject 

The  result  of  this  inquiry  shows  that,  although  the  original  object  of 
register  tonnage  may  have  been  the  taxation  of  the  cargoes  of  ships,  it  to 
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long  fiinoe  ceased  to  be  used  as  a  basis  of  taxation,  inasmuch  as  all  fiscal 
dues  or  duties  are  levied  by  the  Custom-house  on  the  cargoes  imported  aud 
exported. 

The  only  dues  or  rates  levied  on  tonnage  are  for  harbour  and  dock  accom- 
modation and  light  dues,  for  maintenance  of  lights  on  the  coast ;  the  former 
being  mostly  paid  to  local  trusts  or  dock  companies,  while  the  light  dues, 
although  levied  by  the  Custom-house,  are  paid  to  the  Trinity-house  for  the 
maintenance  of  the  lights  j  so  that  these  dues  cannot,  in  point  of  fact,  be  any 
longer  considered  as  fiscal  or  government. 

Many  of  the  light-houses,  previous  to  1835,  were  private  property,  till 
purchased  by  the  Trinity-house  Corporation,  who  thereby  incurred  a  debt 
of  £1 ,200,000*  The  shipowners  have  paid  off  both  principal  and  interest* 
The  light  dues  now  charged  on  tonnage  amounts  to  £313,208,  and  the  cost 
of  maintenance  amounts  to  £214,700,  the  surplus  revenue  from  light  dues, 
£98,508,  being  received  by  the  Board  of  Trade  for  the  Mercantile  Marine: 
Fund. 

The  coasts  of  France  and  America  are  lighted  by  their  respective  govern* 
menta  without  charge  on  shipping.  Both  equity  and  policy  dictate  the 
expediency  of  relieving  the  shipowners  of  this  country  from  all  tonnage  dues 
for  lights,  and  transferring  the  charge  to  the  cargoes  and  passengers  carried 
by  ships,  or  to  the  Consolidated  Fund. 

A  bill  in  parliament  proposes  to  abolish  all  passing  tolls  and  town  dues 
levied  on  shipping,  the  latter  at  Liverpool  amounting  to  £125,000  a-year, 
being  raised  bv  a  small  rate  levied  on  all  cargoes  imported  or  exported  on 
the  Mersey.  A  similar  rate  on  cargo  levied  at  all  other  ports  would  provide 
the £250,000  annually  required  for  maintaining  the  lights,  buoys  and  beacons* 
and  for  the  conservancy  of  the  ports  and  rivers  on  our  coasts.  The  substi- 
tution of  light  dues  levied  on  cargo  and  passengers  for  the  present  tonnage 
dues  levied  on  shipping,  would  entail  no  additional  labour  on  the  Custom- 
house officers,  as  they  must  necessarily  keep  a  record  of  all  goods  imported 
and  exported  at  each  port.  This  is  a  more  legitimate  occupation  than  the 
measurement  of  ships,  which  is  stated  to  be  "  an  extraneous  duty  thrown 
upon  their  officers,"  in  a  report  from  the  Commissioners  of  Customs  recently 
published. 

Both  economy  and  efficiency  would  be  effected  by  the  transfer  of  the  duty 
of  measuring  ships  from  the  Custom-house  officers  and  department,  to  the 
shipwright  and  engine  surveyors,  now  employed  by  the  Board  of  Trade  for 
all  ships  carrying  passengers,  whose  certificate  of  survey  would  furnish  the 
Custom-house  with  the  dimensions,  register,  and  gross  tonnage,  and  other 
particulars  required  for  the  various  forms  of  register  and  transfer  of  vessels ; 
these  also  forming  the  record  for  compiling  the  statistics  of  the  shipping  of 
the  country,  which  comprises  the  only  remaining  usefulness  of  tonnage 
registration  for  statistical  purposes  at  the, Custom-house,  there  being  no 
longer  any  fiscal  dues  or  Government  duties  levied  on  the  tonnage  of  shipping, 
notwithstanding  which,  up  to  the  present  time,  the  Board  of  Trade  and  Go- 
vernment have  only  considered  the  measurement  of  tonnage  and  registration 
in  a  purely  fiscal  point  of  view. 

The  reasons  for  these  conclusions  will  be  found  in  the  facts  of  the  work- 
ing of  the  present  system,  detailed  in  the  foregoing  paper,  in  which  it  was 
found  necessary  to  refer  to  the  proceedings  of  former  committees,  and  the 
different  principles  of  measurement  in  use. 

In  1835  an  Act  was  passed  adopting  the  principle  of  internal  measurement 
for  register  tonnage. 

In  1849  the  subject  was  again  investigated  by  a  committee,  consisting  of 
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Lord  J.  Hay  and  a  body  of  shipowners,  who  reported  that  "  the  equi- 
table basis  on  which  charges  for  dock,  light,  harbour,  and  other  dues, 
is  that  of  the  entire  cubic  contents  of  a  vessel  measured  externally."  A  bill, 
based  on  this  recommendation,  was  brought  in,  computing  the  tonnage  bj 
means  of  diagrams  of  section,  and  curves  of  areas,  with  a  scale  of  dis- 
placement 

This  bill  was  opposed  by  the  owners  of  timber  ships  and  the  builders  of 
iron  vessels,  and  from  this  and  political  causes  was  deferred. 

At  that  time  I  proposed  that  the  principle  of  the  bill  of  1850,  and  of  the 
plan  recommended  by  Mr.  Moorsom  for  internal  measurement,  should  be 
embodied  in  one  bill,  and  the  mean  of  the  two  measurements  be  taken  as 
the  basis  for  register  tonnage;  and  before  the  bill  was  actually  passed,  I 
submitted  that  this  could  still  be  accomplished  by  combining  the  Rule  No.  1 
of  the  bill  of  1850  as  well  as  Rule  No.  2,  which  already  forms  part  of  the 
bill,  by  an  alteration  of  the  clauses  20,  21,  22,  of  the  present  act. 

Register  tonnage  i?  necessary  for  statistical  purposes,  but  should  approxi- 
mate the  old  builder's  tonnage,  in  which  the  statistics  of  shipping  have, 
from  the  earliest  times,  been  kept,  and  which  more  nearly  assimilates  that 
of  other  nations.  There  are,  however,  objects  to  be  attained  by  a  more 
comprehensive  system  of  tonnage  registration,  viz.  the  safety  and  efficiency 
of  the  ships,  their  mercantile  capabilities,  and  to  supply  scientific  data 
for  facilitating  a  comparison  of  the  various  types  of  ships,  including  a  record 
of  their  burthen  in  weight  or  displacement,  capacity,  strength  of  material  and 
,  steam-power.    The  practicability  of  obtaining  this  record  is  exemplified  by 

the  annexed  table  of  the  dimensions  and  proportions  of  ships  and  engines 
and  comparative  analysis  of  their  capacity,  resistance,  and  the  result  of  test- 
trials  and  performance  at  sea ;  the  particulars  recorded  of  many  affording 
data  for  estimating  the  comparative  dynamic  merits  of  ships  by  the  co-effi- 
cient of  their  displacement  or  index  number.  The  additional  measurement 
and  data  required  are  shown  in  the  table.   (Appendix  A.) 

With  this  view  it  is  proposed  to  substitute  for  the  forms  now  sent  to  the 
Custom-house,  the  record,  on  the  present  builder  s  "  certificate,  of  all  parti* 
culars  of  dimensions,  old  tonnage  and  measurement  by  new  rule,  mentioned 
in  the  accompanying  form,  giving  the  builder's  construction,  load,  draft, 
displacement,  and  area  of  midship  section,  as  well  as  the  launching  draught, 
and  estimated  weight  of  hull  and  fittings  as  the  light  water-line,  from  which 
a  scale  of  displacement  and  area  of  midship  section  may  be  formed  at  any 
draught  of  water."     (Vide  Appendix  B.) 

These  particulars  relating  to  the  external  bulk  and  internal  space,  with 
the  draught,  displacement,  and  area,  would  not  only  give  the  internal  capa- 
city, but  also  the  capability  for  carrying  weight  of  cargo,  as  well  as  the  data 
forming  a  scale  for  displacement  and  area  of  midship  section  at  any  draught 
of  water,  whence  may  be  deduced  the  relative  efficiency  of  different  vessels. 

I  consider  the  present  plan  of  taking  and  recording  the  internal  measure- 
ment, aud  the  mode  of  computation  to  be  practically  inefficient  for  obtaining 
a  correct  mensuration  of  vessels,  and  that  the  formula  and  mode  of  calcu- 
lating are  extremely  liable  to  error,  without  the  means  of  testing  their  cor- 
rectness, as  was  suggested  by  the  Tonnage  Committee  of  1849. 

The  Act  of  1854,  though  nominally  adopting  the  same  scientific  rule,  in 
effect  abandoned  the  most  important  part,  viz.  the  use  of  the  diagram  and 
curves  of  areas. 

■  By  using  paper  ruled  to  a  scale  in  the  formation  of  the  diagram,  the  com- 
putation is  rendered  both  easy  and  correct,  and  a  record  of  these  measure* 
incuts,  &c.  in  the  certificate  of  the  surveyor  would  furnish  the  owner  or 
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government  with  the  means  of  ascertaining  the  weight  of  cargo  carried  or 
the  capacity  for  light  goods. 

AIJ  measurements,  however  made,  ought  to  be  attested  by  the  builder  or 
owner,  &c  and  recorded  on  the  certificate. 

The  correctness  of  Sterling's  rule  is  entirely  based  on  the  assumption 
that  the  sections  should  be  measured  at  exactly  equal  distances,  but  experi- 
ence proves  that  in  practice  it  is  almost  impossible  to  obtain  these  measure- 
ments at  the  exact  intervals  required. 

It  is,  however,  of  comparatively  little  importance  by  what  method  a  vessel 
is  measured,  provided  means  are  at  the  same  time  used  to  check  the  calcu- 
lations, and  the  most  simple  and  practical  mode  of  accomplishing  this  is  by 
toe  method  so  long  used  by  Mr.  James  Peake,  viz.  by  a  system  of  vertical 
sections  and  curves  of  areas,  measured  by  a  series  of  triangles.  Annexed  is 
a  comparison  of  four  modes  of  measurement.     (Appendix  C.) 

The  black  lines  on  the  right  side  show  the  plan  as  recommended  by  the 
Tonnage  Commission  of  184*9,  and  the  measurement  proposed  in  Bill  of 
1850. 

The  triangular  lines  on  the  extreme  right  represent  Mr.  Peake's  method 
for  displacement  to  load-line. 

The  dotted  lines  on  the  left  represent  Mr.  Moorsom's  mode,  adopted  In 
the  present  act,  as  shown  in  formula  No.  1,  p.  SO,  in  substitution  of  that 
recommended  by  the  Tonnage  Commission,  of  which  he  was  secretary. 

The  diagonal  lines  on  the  left  represent  M.  Norman's  on  the  French 
plan,  useful  in  correcting  other  measurements,  or  if  built  true  to  design. 

For  statistical  purposes,  owing  to  the  great  decrease,  as  above  shown,  of 
from  8  to  10  per  cent  in  the  Register  Tonnage,  below  the  average  of  the 
same  vessel  under  the  late  law,  this  must  impair  the  object  of  statistical 
returns,  and  injure  the  harbours,  piers,  and  docks,  maintained  for  shipping, 
while  it  reduces  the. charges  and  light  dues  only,  and  is  consequently  very 
popular  with  shipowners. 

Two  years*  experience  in  the  practical  working  of  the  present  tonnage 
measurement  and  registration  system,  has  proved  deficient  and  non-effective 
for  the  attainment  of  most  of  the  objects  of  public  utility  sought  for. 

The  advantages  of  internal  over  external  measurement  have  been  stated  to 
be,  that  inasmuch  as  the  greatest  number  of  cargoes  carried  by  our  mer- 
chant-shipping consist  of  stowage  goods,  not  dead  weight,  equal  to  at  least 
three- fourths  of  the  whole,  and  as  ships'  Bides  and  bottoms  are  of  various 
scantlings  and  thickness,  and  are  constructed  of  materials  of  different  weight, 
external  measurement  would  give  advantage  to  some  ships  over  others,  of 
15  to  20  per  cent. 

This  is,  however,  not  the  fact,  as  an  examination  into  the  trade  returns  of 
1850  exhibits  the  following  results  of  the  trade  of  the  United  Kingdom, 
amounting  to  10,760,297  tons  of  imports  and  exports;  of  which  7,4-83,214« 
tons,  or  69jt  per  cent  were  of  heavy  goods  (coal,  metal,  grain,  and  sugar), 
and  3,277,083  or  30£  per  cent,  of  light  goods,  of  which  a  timber-built  ship 
will  carry  10  per  cent,  less  than  iron  vessels. 

With  respect  to  the  working  of  the  Act  of  1854,  it  appears  that  in  Sep- 
tember 1855,  a  great  many  vessels  were  remeasured  under  the  new  act,  it 
being  found  that  the  Rule  No.  1  for  internal  measurement  reduces  the  register 
tonnage  from  5  to  10  per  cent.,  an  important  saving  of  dock  and  light  dues 
to  coasting  steamers,  besides  some  increase  in  the  deduction  for  engine-room; 
while  by  Rule  No.  2,  for  external  girthing,  the  gross  tonnage  was  increased 
5  per  cent  on  the  late  measurement,  and  ranged  from  5  to  15  per  cent,  more 
than  by  Rule  No.  1. 
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The  war  caused  a  great  demand  for  screw  steamers  hired  by  the  ton,  and 
induced  the  numerous  remeasurements  under  the  new  act ;  thus  the  anoma- 
lies of  our  tonnage  laws  are  exemplified  by  there  being  three  or  four  different 
measurements  in  use,  all  nearly  equally  indefinite  as  to  the  real  bulk  effi- 
eienoy  or  tonnage  capacity  of  vessels  transferred. 

With  respect  to  the  fixing  the  load  limit ; — at  present  we  can  obtain  from 
the  builder  his  construction  load  line  and  launching  draught,  and  if  in  addi- 
tion we  obtain  the  draught  of  water,  the  scale  of  displacement,  and  area  of 
midship  seotion,  we  have  sufficient  data  for  assigning  a  proper  limit  of 
loading,  and  marking  it  on  the  register  as  in  Appendix  B. 

Should  the  builder  assign  a  load  draft  and  displacement,  such  as  nautical 
science  may  not  justify,  and  as  the  safety  limit  must  also  depend  much  on 
the  proportions  and  form  of  the  vessel,  the  load  draught  of  water  and  height 
of  freeboard  may  be  ascertained  as  follows: — For  example,  take  one- 
twentieth  of  the  length,  one-fifth  of  the  breadth,  one-fifth  of  the  depth,  and 
divide  by  three — the  result  will  be  the  safety  freeboard  measured  from  the 
deck  or  gunwale  and  the  mean  draft  of  load  water,  which  should  be  men- 
tioned in  the  register  and  never  exceeded. 

In  conclusion,  all  that  is  requisite  is,  to  alter  the  three  clauses  given  in 
the  present  act  of  1854,  as  it  embodies  the  principles  recommended  by  the 
Tonnage  Committee  of  1849  (and  contained  in  the  Dill  of  1850),  together 
with  all  the  advantages  derived  from  internal  measurement,  as  given  in  the 
present  act ;  and  bases  the  register  tonnage  on  the  mean  of  the  external 
bulk  and  internal  space,  thereby  affording  internal  capacity  and  a  displace- 
ment measurement,  from  which  the  weight  of  cargo  carried  could  be  as- 
certained. 


Alterations  in  the  Clauses  of  the  Merchant  Shipping  Act,  1854,  appertaining, 
to  the  Measurement  of  Ships  for  Tonnage,  proposed  by  A.  Henderson  *.    ? 

Clause  20.  Throughout  the  following  rules  the  tonnage  deck  shall  b« 
taken  to  the  upper  deck  in  ships  which  have  less  than  three  decks,  and  U 
be  the  second  deck  from  below  in  all  other  ships;  and  in  carrying  sue! 
rules  into  effect  all  fractions  of  feet  shall  be  expressed  in  decimals.  "  ll 
being  considered  that  the  equitable  basis  on  which  charges  for  dock,  ligh^ 
harbour,  and  other  dues  should  be  made,  is  that  of  the  entire  cubical  con- 
lent*  or  external  bulk  to  the  medium  height  of  the  tonnage  deck,  togethel 
with  the  internal  space  or  capacity  under  the  tonnage  deck  (within  th< 
ceiling  planking,  exclusive  of  lower  deck  beams  and  fixtures  of  hull) ;  th< 
mean  of  the  two  being  taken  as  the  basis  of  registered  tonnage.  Thea 
quantities  to  be  expressed  in  cubic  feet  and  decimals  on  the  register  an< 
certificate.  The  difference  between  the  external  bulk  and  internal  space  t< 
be  considered  the  cubical  contents  of  the  hull  of  the  vessel ;  the  per  centagi 
or  ratio  the  cubic  contents  of  the  hull  bear  to  that  of  the  internal  capacity, 
and  of  that  quantity  to  the  bulk,  giving  a  fair  criterion  of  the  relative  capa- 
city of  timber  and  iron  ships  for  light  goods  and  passengers."  I 

Clause  21.     The  tonnage  of  every  ship  to  be  registered,  with  the  excep-l 
tions  mentioned  in  the  next  section,  shall,  previously  to  her  being  registered,^ 
be  ascertained  by  the  following  rules  hereinafter  called  Rule  I.  "  for  External 
Measurement  and  Internal  Measurement " ;  and  the  tonnage  of  even*  ship  to 
which  such  rule  can  be  applied,  whether  she  is  about  to  be  registered  or  not, 
shall  be  ascertained  by  the  same  rule. 

*  The  additions  shown  in  italics  or  inverted  commas. 
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Rule  I. — 1.  Measure  the  length  of  the  ship  in  a  straight 
upper  side  of  the  tonnage  deck  from  the  inside  of  the  inner  pfi 
thickness),  at  the  side  of  the  stem  to  the  inside  of  the  midship  i 
or  plank  there,  as  the  case  may  be  (average  thickness),  deducting  from  this 
length  what  is  due  to  the  rake  of  the  bow  in  the  thickness  of  the  deck  and 
what  is  due  to  the  rake  of  the  stern  timber  in  the  thickness  of  the  deck,  and 
also  what  is  due  to  the  rake  of  the  stern  timber  in  one-third  of  the  round  of 
the  beam ;  to  be  termed  the  length  for  tonnage.  "  The  height  for  tonnage  to 
be  taken  from  a  base  line  at  the  underside  of  the  false  keel  to  the  medium 
height  of  the  tonnage  deck.  The  breadth  for  tonnage  to  be  the  extreme 
breadth,  exclusive  of  doubling.  Divide  the  length  so  taken  into  the  follow- 
ing number  of  vertical  sections  required  for  the  measurement  of  transverse 
areas  at  nearly  equal  distant  divisional  points." 

Table. 

Class  1.  Ships  of  which  the  tonnage  deck  is  50  feet  long  or  under,  into 
four  parts,  for  the  measurement  of  "  three  transverse  areas  at  the  main 
breadth  section,  and  other  divisional  points  of  the  length." 

Class  2.  Ships  of  which  the  tonnage  deck  is  above  50  feet,  and  not  exceed- 
ing 120  feet,  "  into  sections  for  measuring  five  transverse  areas." 

Class  3.  Ships  of  which  the  tonnage  deck  is  above  120  feet,  not  exceeding 
180  feet,  "  into  sections  for  measuring  seven  transverse  areas." 

Class  4.  Ships  of  which  the  tonnage  deck  is  above  180  feet,  not  exceeding 
225  feet,  "  into  sections  for  nine  transverse  areas." 

Class  5.  Ships  of  which  the  tonnage  deck  is,  according  to  the  above  mea- 
surement, above  225  feet,  into  12  sections,  for  measuring  eleven  transverse 
areas  at  the  point  of  division.  "  The  length  of  the  tonnage  deck  from  stem 
to  stern,  on  a  scale  of  quarter-inch  to  a  foot  as  a  base  line,  from  which  the 
transverse  areas  being  set  off  on  a  scale  of  ten  square  feet  to  quarter-inch  at 
each  point  of  division  and  marked  on  the  scale.  A  curve,  run  fair  from  the 
stem  through  these  marks  to  the  stern,  will  form  the  curve  of  areas  of  exter- 
nal bulk." 

(Rule  1.)  "  For  external  measurement  to  be  ascertained  when  the  vessel  is 
on  the  stocks  during  the  progress  of  building,  or  in  dry  dock,  or  otherwise 
on  the  ground,  and  according  to  the  following  rule,  No.  1,  (that  is  to  say) 
determine  the  length  between  the  perpendiculars  by  setting  up  from  the 
under  side  of  the  false  keel  two-thirds  (|)  the  medium  height  of  tonnage 
deck,  to  cut  the  outside  of  the  rabbets  (or  these  produced)  of  the  stem  and 
stern  post,  these  intersections  squared  down  to  the  keel  to  give  the  positions 
of  the  perpendiculars,  and  having  taken  off  the  number  of  transverse  sections 
of  the  hull,  stated  in  the  table." 

"  Compute  the  correct  external  bulk  (exclusive  of  any  wooden  sheathing 
which  may  have  been  brought  on  to  the  proper  planks  of  bottom)  to  the 
medium  height  of  the  tonnage  deck,  by  means  of  a  curve  of  areas  constructed 
from  the  areas  of  the  aforesaid  sections ;  in  the  case  of  a  break  on  the  deck, 
the  medium  height  to  be  ranged  fair  through  in  continuation  of  the  deck, 
as  if  there  had  been  no  break.  Record  the  correct  mensuratiou  in  cubic 
feet  thus  obtained  as  the  external  bulk,  to  medium  height  of  tonnage 
deck." 

"  To  form  scale  of  displacement. — Divide  this  bulk  by  35,  the  quotient  will 
represent  the  tonnage  displacement  of  the  hull  immersed  to  that  height 
above  keel.  By  similar  areas  and  curves,  compute  the  tonnage  displace- 
ment loaded  to  2-3rds  the  height  of  deck,  or  between  the  perpendiculars,  as 
well  as  the  light  line,  immersed  l-3rd  from  the  keel.    These  three  quantf; 
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ties,  set  off  on  a  horizontal  scale  of  10  tons  to  the  quarter-inch,  at  their 
respective  heights  on  a  perpendicular  scale  of  quarter-inch  to  a  foot,  a  curve 
run  from  the  keel  through  the  three,  will  form  a  scale  or  table  upon  the 
tonnage  displacement  or  weight  of  cargo  carried/'  •• 

Rule  L — Internal  Measurement. 

2.  Then  the  hold,  being  first  sufficiently  cleared  to  admit  of  the  required 
depths  and  breadths  being  properly  taken,  find  the  transverse  area  of  such 
ship  at  each  point  of  division  of  the  length,  as  follows : — Measure  the  depth 
at  each  point  of  division,  from  a  point  at  a  distance  of  one-third  of  the  round 
of  the  beam  below  such  deck,  or,  in  case  of  a  break,  below  a  line  stretched 
in  continuation  thereof,  to  the  upper  side  of  the  floor  timber  at  the  inside  of 
the  limber  strake,  after  deducting  the  average  thickness  of  the  ceiling ;  then, 
if  the  depth  at  the  midship  division  of  the  length  do  not  exceed  sixteen  feet, 
divide  each  depth  into  four  equal  parts ;  "  then  measure  the  inside  horizontal 
breadth  at  each  of  the  three  points  of  division,  and  also  at  the  upper  and  lower 
points  of  the  depth,  extending  each  measurement  to  the  average  thickness  of 
that  part  of  the  ceiling  which  is  between  the  bilge  planks  and  limber  strake ; 
also  marking  at  the  end  of  each  horizontal  breadth  measured,  the  average 
thickness  of  the  side,  t.  e.  ceiling,  frame  timber,  and  outside  plank,  from 
which  to  compute  the  external  area  of  each  transverse  section ;"  number 
these  breadths  from  above  (t.  e.  numbering  the  upper  breadth  One,  and  so 
on,  down  to  the  lowest  breadth);  multiply  the  second  and  fourth  by  four, 
and  the  third  by  two ;  add  these  products  together,  and  to  the  sum  add  the 
first  breadth  and  the  fifth ;  multiply  the  quantity  thus  obtained  by  one-third 
of  the  common  interval  between  the  breadths,  and  the  product  shall  be 
deemed  the  transverse  area;  but,  if  the  midship  deck  exceed  sixteen  feet, 
divide  each  depth  into  six  equal  parts  instead  of  four,  and  measure,  as  before 
directed,  the  horizontal  breadths  at  the  five  points  of  division,  and  also  at 
the  upper  and  lower  points  of  the  depth ;  number  them  from  above  as  before ; 
multiply  the  second,  fourth,  and  sixth,  by  four,  and  the  third  and  fifth  by 
two ;  add  these  products  together,  and,  to  the  sum,  add  the  first  breadth  and 
the  seventh ;  multiply  the  quantity  thus  obtained  by  one-third  of  the  com- 
mon  interval  between  the  breadths,  and  the  products  shall  be  deemed  the 
transverse  area. 

3.  Having  thus  ascertained  the  transverse  area  at  each  point  of  division 
of  the  length  of  the  ship  as  required  by  the  above  table,  proceed  to  ascer- 
tain the  internal  space  of  the  ship  in  the  following  manner : — "  Number  the 
areas  successively,  1, 2, 3,  &c,  No.  1  being  at  the  extreme  limit  of  the  length 
at  the  bow,  and  the  last  No.  at  the  extreme  limit  of  the  length  at  the  stern ;" 
then,  whether  the  length  be  divided,  according  to  the  table,  into  four  or 
twelve  parts,  as  in  classes  1  and  5,  or  any  intermediate  number,  as  in  classes 
2,  3,  and  4, "  multiplying  the  second  and  every  even-numbered  area  by  four, 
and  the  third  and  every  odd-numbered  area  (except  the  first  and  last)  by 
two ;  add  these  products  together,  and,  to  the  sum,  add  the  first  and  last,  if 
they  yield  anything ;"  multiply  the  quantity  thus  obtained  by  one-third  of  the 
common  interval  between  the  areas :  record  the  product  thus  ascertained  in 
cubic  feet  as  the  internal  space  under  the  tonnage  deck. 

To  compute  Register  Tonnage* 

"  Add  together  the  external  bulk  to  the  medium  height  of  tonnage  deck, 
and  the  internal  space  under  the  tonnage  deck  in  cubic  feet ;  divide  the  snm 
by  2,  taking  the  mean  of  bulk  and  space  in  cubic  feet  as  the  basis  of  re- 
gistered tonnage,  to  be  deduced  by  the  use  of  the  factor  -30,  *3J,  or  -82 
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(hundredths)  of  that  mean  as  the  registered  tonnage,  approximating  the 
old  or  builder's  tonnage  by  the  use  of  the  divisor  35£." 

"  All  measurements  to  be  recorded  on  paper  ruled  to  a  scale  of  a  quarter  of 
an  inch  to  a  foot  on  the  section  of  the  length  at  which  they  are  measured, 
diagrams  of  each  section  to  be  formed  at  the  line  of  measurement,  these 
areas  to  be  computed  by  any  two  of  the  four  modes  contained  in  the  instruc- 
tions, the  correct  areas  to  be  formed  into  a  curve  of  areas  from  the  length 
of  the  tonnage  deck.  A  scale  of  displacement,  the  area  of  midship  section, 
and  draft  of  water,  to  be  formed  on  the  certificate  of  survey,  which  is  to  be 
recorded  in  the  diagrams  of  sections  and  curves  of  areas,  and  formed  from  a 
section  of  the  frame  ruled  on  a  scale  half  an  inch  to  a  foot.  A  specification 
of  the  quality  and  scantling  of  the  various  materials  used  in  the  vessel  to 
be  filled  in  on  the  back  of  the  certificate  of  survey ;  to  be  signed  by  the 
builder  or  owner,  as  well  as  the  surveying  officer." 

22.  Ships  which,  requiring  to  be  measured  for  any  purpose  other  than 
registry,  have  cargo  on  board,  and  ships  which,  requiring  to  be  measured 
for  the  purpose  of  registry,  cannot  be  measured  by  the  rule  above  given, 
shall  be  measured  by  the  following  rule  hereinafter  called  Rule  IL : — 

Rule  II. — 1.  Measure  the  length  on  the  tonnage  deck  from  the  outside  of 
the  outer  plank  at  the  stem  to  the  aftside  of  the  stern-post,  deducting  there- 
from the  distance  between  the  aftside  of  the  stern-post  and  the  rabbet  of  the 
stern-post  at  the  point  where  the  counter  plank  crosses  it ;  measure  also  the 
greatest  breadth  of  the  ship  to  the  outside  of  the  outer  planking  or  wales, 
and  then,  having  first  marked  on  the  outside  of  the  ship  on  both  sides  thereof 
the  height  of  the  tonnage  deck  at  the  ship's  sides,  girt  the  ship  at  the  greatest 
breadth  in  a  direction  perpendicular  to  the  keel  from  the  height  so  marked 
on  the  other  side  by  passing  a  chain  under  the  keel ;  to  half  the  girth  thus 
taken  add  half  the  main  breadth ;  square  the  sum ;  multiply  the  result  by 
the  length  of  the  ship  taken  as  aforesaid ;  then  multiply  this  product  by  the 
factor  *0018  (eighteen  ten-thousandths)  in  the  case  of  ships  built  of  wood, 
and  by  "0021  (twenty-one  ten-thousandths)  in  the  case  of  ships  built  of  iron, 
and  the  product  shall  be  deemed  the  register  tonnage  of  the  ship,  subject  to 
the  additions  and  deductions  hereinafter  mentioned. 

2.  If  there  be  a  break,  a  poop,  or  other  closed-in  space  on  the  upper  deck, 
the  tonnage  of  such  space  shall  be  ascertained  by  multiplying  together  the 
mean  length,  breadth  and  depth  of  such  space,  and  dividing  the  product  by 
100,  and  the  quotient  so  obtained  shall  be  deemed  to  be  the  tonnage  of  such 
space,  and  shall,  subject  to  the  deduction  for  a  closed-in  forecastle  mentioned 
in  Rule  I*  be  added  to  the  tonnage  of  the  ship  under  the  tonnage-deck  as- 
certained as  aforesaid ;  and  if  the  ship  has  three  or  more  decks,  the  tonnage 
of  each  space  between  decks  above  the  tonnage-deck  shall  be  ascertained  in 
the  same  manner  as  for  the  like  spaces  in  Rule  I.,  and  added  to  the  tonnage 
aforesaid. 


No.  7*— Admiral  Moorsom  (Member  of  the  Committee)* 
In  answer  to  the  Circular  of  Nov.  6th,  1856. 

Highfield,  Birmingham,  Feb.  23, 1857. 
My  Dear  Sir, — I  shall  not  be  able  to  attend  your  Committee  to-morrow. 
I  have  considered  the  questions  in  Mr.  Atherton's  printed  paper,  and  I 
cannot  afford  you  much  help  in  the  form  of  categorical  reply. 

There  does  not  seem  to  be  much  disposition  on  the  part  of  owners  of  sailing 
vessels  or  steamers  to  stir  against  the  present  system  of  registration. 
On  many  grounds,  however,  I  think  that  every  vessel  should  incur  a  penalty 
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which  is  loaded  so  as  to  siuk  below  a  certain  draught  of  water ;  and  that  her 
registered  tonnage  should  comprise  the  weight  of  water  between  her  assigned 
load  draught  and  that  draught  which  she  would  have  when  fit  for  sea,  with 
crew  and  stores  and  everything  on  board,  except  that  by  which  she  earns 
her  freight.  Supposing  such  a  principle  to  be  admitted,  the  method  of  de- 
termining such  tonnage  would  not  be  difficult 

I  annex  an  example.  But  the  question  at  this  moment  is,  how  is  this 
principle  of  registration  to  be  tested,  and,  if  sound,  carried  out  ? 

The  agitation  of  it,  so  that  the  public  may  some  day  see  they  have  an 
interest  in  it,  must  do  good,  and  I  shall,  therefore,  be  glad  to  subscribe  towards 
the  expenses  of  your  association. 

Next,  as  to  the  unit  of  UP.  When  a  person  wishes  to  buy  an  engine,  he 
need  not  trouble  himself  about  the  nominal  HP,  but  specifying  the  nature 
and  extent  of  the  work  it  is  to  do,  he  can  bind  the  engine  builder  to  results. 
The  contractor,  on  his  part,  has  his  own  rules  for  making  the  instrument 
It  then  becomes  a  question  of  specific  performance  between  the  parties,  with 
which  the  public  is  not  concerned.  But  with  the  question  of  the  improve- 
ment of  engines  and  the  improvement  of  vessels,  the  public  has  every  con- 
cern, and  improvement  can  make  but  slow  and  fitful  progress  when  the  power 
exerted  and  the  power  given  out  in  any  case  are  not  known,  or  known  only 
to  a  few  persons,  and  that  by  special  experiment  only,  and  not  by  stated 
performance. 

In  the  pamphlet  I  have  had  printed  for  private  circulation,  of  which  you 
have  a  copy,  I  have  expressed  my  opinion  on  this  question  of  the  improve- 
ments of  engines  and  vessels,  and  your  Committee  may  probably  coincide 
in  my  views. 

I  think  then,  that  it  is  of  little  consequence  to  what  unit  we  refer  the  ex- 
pression HP,  if  in  any  given  case  we  can  know  the  power  exerted  t  and  it  is 
the  indicator  power  and  its  results,  including  the  consumption  of  fuel,  that  U 
wanted. 

Any  measure  of  power  must  be  incomplete  without  the  weight  of  the  fuel 
which  is  the  originator  of  the  power,  and  in  any  general  expression  we  most 
include  the  boiler  as  well  as  the  cylinder. 

Such  expression  would  consequently  mean  a  given  weight  moved  through 
a  certain  space  in  a  certain  time  with  a  certain  weight  of  coal. 

Now,  as  yet  we  have  no  data  for  such  an  expression.  I  must  apologise 
for  so  hasty  and  incomplete  a  statement,  but  I  would  not  let  the  day  pass 
without  an  acknowledgment  of  your  note.  Having  returned  home  only  on 
Saturday,  and  leaving  home  again  tomorrow,  I  have  not  at  present  time  to 
proceed  further  with  the  subjects  of  the  printed  letter. 

I  am,  Sir,  yours  truly, 

J.  Yates,  Esq.  C.  R.  Moorsom. 


(Enclosure.) 

Let  the  dimensions  of  a  vessel  at  her  light  draught  ready  for  sea,  except 
cargo,  be — 

Length S00  feet. 

Breadth 50     ,, 

Draught   15     „ 

Assume  the  coefficient  of  displacement,  =  45. 

Then,  ^X?g*P  x,  45=2892-825  tons. 

DO 
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Let  the  dimensions  at  load  draught  be— 

Length SS5  feet. 

Breadth 53    „ 

Draught 22    „ 

Assume  the  co-efficient  of  displacement,  =  62. 

Then,  Lx^gxD  x, 62=6712-74 

DO' 

2892*825 


Tonnage  for  dues    38 1 9*915 

The  builder's  dbplacement  scale  would  furnish  these  particulars,  and  it 
should  be  the  duty  of  the  Customs  Department  to  check  that  scale  and 
verify  the  facts. 

A  table  of  co-efficients  might  be  constructed  on  the  ratios  of  length  to 
breadth,  and  breadth  to  draught  of  water,  which  would  enable  every  owner 
to  ascertain  the  displacement  at  all  draughts. 

Memorandum  on  the  Questions  submitted  in  the  Circular  of  Nov.  6th,  1856. 

Haying  read  the  papers  transmitted  with  Mr.  Wright's  letter  of  the  19th 
inst,  I  have  something  to  qualify  in  my  letter  to  Mr.  Yates  of  the  23rd  of 
February,  and  not  much  to  add  to  it. 

1st.  1  concur  in  the  opinion  that  science  has  nothing  to  gain  by  legislation, 
except  the  repeal  of  the  laws  which  impede  her  progress ;  and  believing  that 
the  interference  of  authority  in  things  which  can  be  matter  of  bargain 
between  man  and  man  must  always  be  pernicious,  I  would  tolerate  such  in- 
terference only  where  no  other  security  can  be  had  against  misdoing.  On 
these  principles  I  am  disposed  to  let  the  present  system  of  registration  stand 
for  all  purposes  of  voluntary  contract,  but  I  think  a  shipowner  should  be 
taxed  only  in  the  measure  in  which  he  can  receive  freight ;  and  as  the  dis- 
placement is  the  measure  of  the  freight  which  a  ship  can  take,  it  should  also 
be  the  measure  of  tolls  and  dues.  Moreover,  as  the  public  ultimately  pay 
these  charges,  they  are  interested  in  the  question. 

In  so  far  also  as  the  system  of  registration  may  interfere  with  the  best  form 
of  construction  of  vessels,  it  impedes  science,  in  which  also  the  public  are 
concerned. 

I  adhere,  however,  to  my  opinion  that  for  each  vessel  there  should  be  a 
draft  of  water  beyond  which  she  should  not  be  loaded,  but,  instead  of  a 
penalty,  I  would  merely  withhold  the  clearance.  On  this  point,  it  would  be 
useful  to  obtain  facts  as  to  any  differences  of  opinion  between  the  govern- 
ment agents  and  the  other  parties  in  cases  of  vessels  with  passengers. 

I  have  heard  of  such  differences. 

The  ease  of  the  Royal  Charter  is  somewhat  in  point;  after  getting  into 
the  Bay  of  Biscay,  she  was  compelled  to  return  to  port  to  be  re-stowed. 

When  on  board  this  ship,  before  she  received  her  cargo,  I  pointed  out  to 
the  authorities  of  the  ship  then  on  board,  the  risk  of  such  a  contingency, 
and  how  to  guard  against  it ;  for,  if  I  understood  the  letters  of  Dr.  Scoresby, 
(himself  a  seaman  and  on  board),  which  appeared  in  the  Times,  the  ship  was 
not  only  two  feet  too  deep  but  was  overweighted  in  her  fore-body.  Now,  how 
could  the  underwriters  protect  themselves  in  such  a  case  ? 

Would  the  policy  be  vitiated  ?  Was  the  premium  higher  in  consequence 
of  such  a  known  contingency  as  overloading  and  misleading  ? 

How  could  the  second-class  passengers,  who  were  represented  as  washed 
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out  of  their  berths,  protect  themselves  beforehand ;  and  what  remedy  had 
they  after  the  fact,  or  what  compensation  ? 

If  the  displacement  principle  were  adopted,  tables  might  be  constructed 
for  all  known  forms  of  vessels,  which  would  give  the  displacement  at  any 
draught  of  water,  and  upon  the  difference  of  light  and  load  draught  the 
duties  should  be  payable :  this  would  set  at  rest  the  question  between  sailing 
vessels  and  steamers. 

Secondly. — As  to  a  unit  of  HP.  Here  the  commercial  part  of  the  question 
resolves  itself  into  a  matter  of  bargain,  and  neither  buyer  nor  seller  can  be 
benefited  by  interference.  The  buyer  has  but  to  specify  the  work  he  requires, 
and  to  make  his  contract  accordingly.  But  the  scientific  part  of  the  ques- 
tion assumes  another  aspect. 

Improvement  can  make  but  slow  and  fitful  progress  when  the  power  exerted 
and  the  power  given  out  are  known  only  to  a  few  of  the  initiated.  What 
science  wants  to  know  in  each  case  is,  the  indicator  power  and  its  results,  in- 
cluding the  consumption  of  fuel.  Any  measure  of  power  which  does  not  em- 
brace the  weight  of  fuel,  which  is  the  originator  of  the  power,  must  be 
incomplete. 

Any  general  expression  must  include  the  boiler  as  well  as  the  cylinder, 
and  it  would  mean  a  given  weight  moved  through  a  certain  space  in  a  cer- 
tain time,  with  a  certain  weight  of  fuel.  We  have  not  as  yet  data  for  such 
an  expression. 

The  accompanying  pamphlet,  which  I  have  had  printed  for  private  circu- 
lation, may  perhaps  throw  some  light  upon  this  subject,  and  I  have  marked 
the  passages  bearing  on  the  immediate  question  of  power. 

I  have  now  before  me  a  table  printed  by  the  Admiralty  last  year,  and 
showing  "  results  of  trials  made  in  her  Majesty's  screw  ships  and  vessels." 
These  results  are  useful  as  far  as  they  go,  but  they  do  not  go  far  enough, 
and  the  particulars  of  the  table  might  be  simplified  and  amended.  They 
involve  a  theory,  whereas  facts  alone  are  wanted.  The  trials  were  made  in 
smooth  water  only,  and  do  not  contain  any  account  of  the  consumption  of 
fuel. 

The  passages  marked  in  the  pamphlet  and  the  tables  A  and  B  will  show 
how  necessary  it  is  to  have  the  performances  of  vessels  and  engines  at  sea, 
in  order  to  institute  any  comparisons  towards  the  deduction  of  laws,  and 
that  the  consumption  of  fuel  is  indispensable. 

March  24,  1857.  C.  R.  Moorsom,  Rear  Admiral. 


No.  8. — Mr.  James  Yates  {Member  of  the  Committee^ 
To  the  Shipping  Registration  Committee  of  the  British  Association. 

I  am  very  desirous  of  directing  the  attention  of  the  Shipping  Registration 
Committee  to  the  following  considerations  :— 

The  party,  if  it  may  be  called  a  party,  which  we  considered  as  opposed  to 
ourselves,  and  which  we  may  probably  regard  as  represented  by  Mr.  G. 
Moorsom,  do  not  appear  to  be  in  such  entire  opposition  as  may  at  first  be 
imagined,  and  certainly,  we  are  not  entirely  opposed  to  them.  On  the  con- 
trary, we  appear  to  agree  in  the  most  important  and  fundamental  points. 

1.  We  agree  in  regard  to  the  necessity  of  internal  measurement  as  an 
element  of  tonnage  registration,  being  the  space  inside  a  vessel,  or  under 
cover,  which  may  be  used  to  carry  either  cargo  or  passengers. 

2.  We  agree  in  regard  to  Sterling's  rule  as  a  recognized  method  of  ad- 
measurement, available  for  calculating  the  entire  contents  of  a  ship  of  any 
form,  measured  either  internally  or  externally. 
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S.  We  agree  that  neither  internal  nor  external  measurement  does,  of  itself, 
provide  any  security  against  the  construction  of  weak  thin-sided  ships. 

4.  We  agree  with  the  remarks  in  Mr.  Moorsom's  Treatise  on  Tonnage,  in 
regard  to  the  great  advantages  of  the  registration  of  displacement,  or  outward 
measurement  between  the  light  and  load  water-lines,  as  showing  the  actual 
weight  which  any  vessel  will  carry. 

These  advantages  cannot  be  more  distinctly  stated  than  they  are  by  Mr. 
Moorsom,  in  the  following  remarks  on  the  measurement  of  keels,  and  the 
method  of  marking  the  load  water-line  with  nails,  according  to  weights 
actually  placed  on  board,  as  prescribed  by  6  and  7  William  and  Mary,  a.d. 
1694,  and  by  15  George  III.  c.  27. 

u  This  being  a  measure  of  pure  and  unerring  displacement,  free  from  the 
possibility  of  evasion,  and  giving  the  exact  dead  weight  of  the  cargo  shipped, 
whatever  may  be  the  form  or  construction  of  the  vessel,  it  offers  no  induce- 
ment to  the  building  of  one  kind  of  form  more  than  another ;  and  the  conse- 
quence is,  that  many  of  these  peculiar  vessels  are  remarkable  for  their  sailing 
capabilities. 

"Although  the  process  of  'admeasuring  and  marking/  to  which  these 
vessels  are  still  legally  directed  to  be  submitted,  involve  neither  the  taking 
of  measurements  nor  computation,  and  can  therefore,  it  may  be  supposed, 
scarcely  be  termed  a  mode  of  admeasurement  in  the  usual  acceptation  of  the 
operation  ;  yet  it  is,  nevertheless,  essentially  and  absolutely,  the  most  correct 
measurement  possible  of  the  displacement,  or  external  cubature  of  that  part 
of  the  vessel  which  lies,  or  is  contained,  between  the  light  and  load  lines  of 
floatation,  that  is,  of  the  cargo  shipped ;  and  is,  therefore,  not  only  an  assu- 
rance of  the  security  of  the  public  revenue  to  be  derived  from  the  export  of 
coals,  but  is  found  also  to  tend  greatly  to  the  general  accommodation  of  the 
trade  in  which  these  vessels  are  engaged ;  and  from  what  has  been  already 
predicated  of  their  sailing  capabilities,  the  process  is,  moreover,  an  eminent 
and  satisfactory,  though  it  may  appear  an  humble  example,  that  an  operation 
founded  on  truth,  without  the  possibility  of  evasion,  is  an  operation  without 
influence  in  the  formation  of  ill-formed  vessels*." 

In  a  subsequent  chapter,  Mr.  Moorsom  treats  with  great  ability  the  sub- 
ject of  displacement,  showing  how  it  is  in  practice  calculated  by  Sterling's 
rule,  and  with  how  great  advantage  this  registration  of  displacement  may  be 
applied  to  merchant  ships,  as  is  already  done  in  men-of-war  by  recording  the 
scale  of  displacement  of  all  ships  in  the  Royal  Navy.  See  cb.  V.,  p.  1 13- 
148.  These  statements  of  Mr.  Moorsom  clearly  establish  the  practicability 
of  ascertaining  the  weight  that  ships  will  carry  as  based  on  the  measurement 
of  displacement,  and  recording  the  same,  together  with  the  measurement  of 
internal  roomage. 

5.  Another  principle  of  the  utmost  importance,  in  which,  I  trust,  we  are 
agreed,  and  with  the  statement  of  which  I  shall  conclude  these  remarks,  is, 
that  the  measurement  of  tonnage  should  be  international,  in  other  words, 
that,  as  far  as  possible,  it  should  be  the  same  for  all  nations,  and  adopted 
with  the  consent  of  all.  Mr.  Moorsom  asserts  the  value  of  the  principle,  and 
quotes  an  American  author,  Griffiths,  a  ship-builder  of  great  experience, 
who  entertains  the  same  cosmopolitan  views.  He  quotes  that  admirable 
memorial  of  the  Council  of  the  Society  for  the  Encouragement  of  Arts, 
Manufactures,  and  Commerce,  which  recommends  to  the  Lords  of  the  Trea- 
sury, a.d*  1853,  the  consideration  of  the  best  means  of  promoting  the  adop- 
tion throughout  the  world  of  a  uniform  decimal  system  of  measures,  weights, 

*  •  A  Brief  Review  and  Analysis  of  the  Laws  for  the  Admeasurement  of  Tonnage/  by  0. 
Moononu    2nd  edition*    London,  1853,  pp.  15, 16. 
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and  coins,  and  which  especially  insists  on  the  great  advantage  and  conve- 
nience of  the  Metrical  System.  As  Mr.  Moorsom  also  alludes,  in  enocrara~ 
ging  language,  to  the  sentiments  "  of  our  active-minded  Transatlantic  rivals," 
I  will  add*  that  not  a  few  of  the  most  distinguished  among  them  have  urged 
upon  their  government  an  examination  of  the  merits  of  the  same  system9* 
Moreover,  Mr.  Allan  Gilmour  points  out  the  necessity  "  of  having  a  law, 
under  which  the  tonnage  of  all  vessels  entering  our  ports,  whether  British  or 
foreign,  shall  be  computed  in  the  same  way  f.* 

In  pursuance  of  these  " cosmopolitan  views"  of  Mr.  Moorsom  and  Mr. 
Gilmour,  I  wish  to  offer  some  considerations  in  favour  of  the  adoption  of  the 
metrical  ton  in  place  of  the  British  ton,  for  the  registration  of  the  weight  ton- 
nage of  ships.  It  is  probable  that  this  mode  of  registration,  if  adopted  by  Great 
Britain,  would  lead  in  a  short  time  to  perfect  uniformity  throughout  the  world. 
The  metrical  ton  of  1000  kilogrammes  is  now  recognised,  and  in  part  practi- 
cally adopted  by  a  considerable  number  of  the  principal  mercantile  nations.  It 
is  established  in  France,  Belgium,  Holland,  Prussia,  Hamburg  and  the  other 
Hanseatic  ports,  Denmark,  the  kingdom  of  Sardinia,  Lombardy,  Algeria, 
Greece,  and  several  South  American  States.  Its  adoption  after  a  few  yean 
has  been  decreed  by  the  governments  of  Spain  and  Portugal. 

Besides  Great  Britain  and  its  dependencies,  the  only  commercial  nations 
of  importance,  which  do  not  already  use  the  metrical  ton,  are  the  United 
States  of  America,  Russia,  Sweden,  Turkey,  and  Egypt.  There  can  be  no 
doubt  that  these  latter  countries  would  adopt  it,  if  Great  Britain  led  the  way. 
The  metrical  ton  being  the  weight  of  a  cubic  metre  of  water  equal  to  1000 
kilogrammes,  while  the  British  ton  is  nearly  1015  kilogrammes,  or  l£  per 
cent  in  excess,  it  is  evident  that  no  objection  can  arise  from  the  adoption  of 
the  former  as  the  unit  of  ship's  tonnage  by  weight  except  the  temporary  in- 
convenience which  accompanies  every  change  whatsoever.  A  ship  of  1000 
tons  British  weight  would  simply  be  1015  metrical  tons. 

According  to  a  return  issued  by  the  Board  of  Trade,  the  exports  from  the 
United  Kingdom  in  1855,  consisting  of  British  and  Irish  produce  and  inanu* 
factures,  amounted  in  value  to  £95,688,085,  or  nearly  £96,000,000.  The 
countries  which  use  the  metrical  ton,  and  are  included  in  this  statement  of 
exports,  are  as  follows : — 

Prussia,  Hanover,  and  the  Hanseatic  £ 

Towns 9,787,600 

France 6,012,658 

Holland 4^58,210 

Sardinia 853,916 

Lombardy 717,718 

Belgium 1,707,693 

Portugal 1,475,713 

Spain 1,268,815 

Denmark 759,656 

New  Grenada 588,935 

Mexico    . .' 585,898 

£28,315,207 

*  See  my  *  Narrative  of  the  Origin  and  Formation  of  the  International  Association  for  ob- 
taining a  Uniform  Decimal  System  of  Measures,  Weights  and  Coins/  I  have  republished  at 
pp.  51,  52,  the  memorial  referred  to ;  and  at  pp.  9 — 11,  47—49, 1  have  given  an  account  of 
similar  efforts  in  the  United  States  by  President  Adams,  the  Hon.  Oedrge  Bancroft,  and  others. 

t  '  Remarks  on  the  Tonnage  Admeasurements  of  Ships,'  published  in  Moortom's  *  Brief 
Bartow/ pp.  175—179* 
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Thus,  the  portion  of  these  exports  sent  to  countries  using  the  metrical 
ton  amounts  to  above  ^28,000,000.  A  considerable  proportion  of  the 
countries  to  which  the  remaining  4268,000,000  of  goods  were  exported 
does  not  use  either  the  English  or  the  metrical  ton,  but  some  other  weight. 
So  large  a  proportion  of  our  foreign  commerce  being  already  carried  on  with 
nations  using  the  metrical  ton,  it  appears  highly  probable  that  the  adoption  by 
Great  Britain  of  the  metrical  ton  as  the  unit  of  weight  tonnage,  would  speedily 
lead  to  its  universal  adoption  throughout  the  world.  Nor  can  it  be  questioned, 
that  this  would  be  a  most  proper  adjunct  to  the  recent  alteration  of  the  Navi- 
gation Law,  by  which  the  ships  of  all  countries  are  permitted  to  carry  goods 
and  passengers  to  and  from  Great  Britain  with  unrestricted  freedom.  A 
common  method  of  computing  the  carrying  powers  of  ships,  would  be  a 
manifest  and  indisputable  advantage.  For  statistical  information,  the  adop- 
tion of  the  metrical  ton  weight  is  indispensable.  At  two  great  statistical 
congresses,  Brussels,  1853,  and  Paris,  1855,  it  was  recommended  that  the 
weights  and  measures  of  the  Metrical  System  should  be  universally  employed 
as  common  terms  of  comparison,  reference  being  made  more  especially  to  the 
tonnage  of  ships4*. 

Let  us  now  consider  the  advantages  of  the  metre  as  a  linear  measure,  and 
of  the  metrical  ton  based  upon  it,  independently  of  their  extensive  adoption 
throughout  the  world.  According  to  the  English  method,  the  measures  of 
length  are  generally  computed  in  feet,  inches,  and  eighths  of  an  inch  ;  or,  if 
recourse  is  had  to  decimals,  as  directed  by  the  late  Mercantile  Shipping  Act, 
in  feet  and  hundredths  of  a  foot.  The  use  of  a  measuring-line,  divided  into 
metres  and  centimetres,  appears  to  preseut  at  least  equal  advantages,  and 
would  be  simple,  easy,  and  commodious  in  the  extreme  for  tonnage  measure- 
ments, having  all  the  recommendations  of  a  decimal  system. 

If  the  metrical  ton  be  adopted  as  the  base  of  ships'  tonnage,  the  displace- 
ment between  the  light  and  load  water-lines,  expressed  in  cubic  metres  and 
centimetres,  will  give  the  metrical  tonnage  without  any  further  trouble  and 
with  perfect  exactness,  because  a  metrical  ton  is  the  weight  of  a  cubio  metre 
of  water.  This  remarkable  facility  is  obtained,  because  in  constructing  the 
Metrical  System,  care  was  taken  to  adjust  the  weights  so  that  they  might 
have  a  direct  and  simple  relation  to  the  measures.  In  the  English  weights 
and  measures  this  principle  has  been  disregarded. 

Suppose  now  that  we  follow  the  new  law,  the  Mercantile  Shipping  Act  of 
1854,  which,  however,  is  never  likely  to  extend  itself  to  the  world  at  large, 
because  in  this  law  "  the  ton  "  is  a  palpable  misnomer,  not  being  a  weight  of 
any  kind;  but  a  certain  extent  of  internal  space.  Under  this  law  the  cubic 
contents  of  every  part  of  a  vessel,  adapted  to  carry  passengers  or  cargo,  are 
ascertained  either  by  Sterlings  rule  or  some  other  approved  formula,  and 
are  expressed  in  cubic  feet.  The  number  of  cubic  feet  is  then  divided  by 
100,  this  number  having  been  adopted  as  the  divisor  in  order  to  assimilate 
the  new  tonnage  registration  to  the  former  tonnage  registration. 

If  we  apply  the  metre  as  the  unit  of  linear  measure,  we  shall  find  the  in- 
ternal space  in  cubic  metres  instead  of  cubic  feet,  and  we  can  easily  reduce 
the  one  measure  to  the  other,  because  a  cubic  metre  being  equal  to  35*32 
cubic  feet,  the  number  of  cubic  metres  multiplied  by  the  decimal  '3582,  will 
give  the  number  of  tons  measure  at  the  rate  of  100  cubic  feet  to  the  ton, 
according  to  the  principle  of  the  new  law. 

It  thns  appears  that  the  metrical  ton,  differing  from  the  British  weight  of 
the  same  nauie  only  by  about  15  parts  in  1000,  whereby  a  ship  capable  of 

*  See  Roufaer  and  Legoyt,  *  Gompte  Rendu  de  la  Deuxieme  Session  da  Congres  Inters** 
tiooale  Statutkroe.'    Paris,  1856, 4to«,  p.  xv.,  169-172, 192, 193, 2(6, 957. 
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(ferrying  1000  tons  weight  British,  would  carry  1015  metrical  tons,  and  be 
registered  accordingly,  recommends  itself,  not  only  by  its  use  among  many 
of  the  chief  trading  nations,  but  by  its  adaptation  to  the  requirements  of  in- 
ternational commerce,  to  the  convenience  of  mariners,  and,  most  especially, 
to  the  measurement  and  registration  of  vessels  of  all  kinds  as  respects  their 
capabilities  for  carrying  weight :  to  which  it  must  be  added,  that  the  system 
qf  weights  and  measures  to  which  this  ton  belongs,  and  which  is  every  year 
extending  through  the  world,  is  the  only  system  which  appears  at  all  likely 
to  become  universal ;  so  that  the  metrical  ton  weight  must  be  adopted  as  the 
basis  of  tonnage  registration,  if  international  tonnage  is  to  be  pursued  as  an 
indispensable  part  of  a  really  good  method. 

Jambs  Yates- 

Lauderdale  House,  Highgate,  Feb.  14,  1857. 


Report  on  the  Temperature  of  some  Deep  Mines  in  Cornwall* 
By  Robert  Were  Fox,  F.R.S.,  Q.S. 

In  compliance  with  the  request  of  the  Committee  of  the  British  Association, 
I  have  had  further  experiments  made  pn  the  temperature  of  some  deep  mines 
in  Cornwall  by  careful  observers,  and  I  have  now  to  report  the  results  of 
their  investigations*.  But  before  I  do  this,  it  may  perhaps  be  well  to  allude 
to  the  method  of  working,  or  rather  exploring  a  metalliferous  vein  or  "fade" 
in  this  county.  The  horizontal  bearing  of  most  of  the  lodes  is  from  east  to 
west,  or  rather  from  northward  of  east  to  southward  of  west ;  and  they 
descend  into  the  earth  to  an  unknown  depth,  and  much  more  often  in  an 
inclined  than  a  vertical  direction,  intersecting  the  different  rocks  which  occur 
in  their  courses.  The  miners  work  a  lode  by  means  of  shafts,  and  galleries  or 
"levels"  which  latter,  being  on  the  course  of  the  lode,  do  not  usually  succeed 
each  other  in  a  vertical,  but  in  an  inclined  direction. 

Fig.  2. 


i 

m 

ttdib 

O 

1     ff 

1 

•        1 

1 

1 

■  1       1 

1 

vl                 1 

1 

r-      '  i 

1 

-i 

•1 

• 

, 

"VI 

r 

d 

M 

Let  fig.  1,  a,  ft,  represent  a  north  and  south  section  of  a  lode  inclined  to- 
wards the  north ;  c,  d  an  engine-shaft  through  which  the  water  is  pumped 

*  I  am  indebted  to  my  friend  TVilliam  Hustler  of  Rosemerryn,  near  Falmouth,  for  the 
results  obtained  in  the  United  Mines,  and  most  of  those  in  Fowey  Consols ;— -to  Captain 
J.  Puckcy,  Manager  of  Fowey  and  Par  Consols,  for  experiments  in  those  mines ; — to  Captain 
Charles  Thomas,  Manager  of  Dolcoath,  for  an  experiment  there;  to  Captain  Jennings  of 
Tresavean,  for  some  made  in  that  mine  in  1853 ;  and  to  Henry  Peters  of  Lanner,  near  Red- 
roth,  for  the  other  experiments  in  Dolcoath,  in  Levant,  and  Botallack  Mines. 
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np  to  the  adit  €,/,  from  the  bottom  or  "  sump "  d  (figs.  1  &  2),  and  from 
cisterns  placed  at  various  intervals  in  the  shaft,  the  water  which  enters  the 
levels  being  conducted  into  the  cisterns,  and  thereby  prevented  from  falling 
to  the  bottom  of  the  shaft.  From  the  adit,  the  water  is  discharged  into  a 
valley,  or  near  the  sea  shore.  The  horizontal  lines  in  fig.  1  represent  "cross* 
cuts'9  or  N.  and  S.  levels,  which  connect  the  engine-shaft  with  the  levels  at 
right  angles  to  them,  as  shown  in  fig.  2.  These  latter,  on  the  course  of  the 
lode,  are  usually  about  ten  fathoms  apart,  and  they  are  connected  together 
by  many  short  shafts  inclined  with  the  lode.  There  are  also  other  shafts 
from  the  surface  to  the  deep  levels,  through  which  the  ore  is  drawn  up, 
ventilation  promoted,  &c.  In  most  of  the  deep  mines  several  lodes  are 
worked,  and  each  by  means  of  a  similar  series  of  levels,  shafts,  &&,  which 
are  connected  with  the  former  series  by  "cross-cuts"  so  that  one  engine-shaft 
may  often  serve  for  two  or  more  lodes.  The  deepest  levels  in  a  mine  are 
generally  much  less  extended  than  those  above  them,  as  shown  in  fig.  2,  and 
the  quantity  of  water  in  them  is  often  comparatively  small,  the  upper  water 
being  in  a  great  degree  cut  off  by  the  superior  levels,  and  conveyed  to  the 
cisterns  through  the  latter.  The  temperature  of  the  water  that  flows  into 
the  ends  of  the  deepest  levels  is  generally  as  high,  or  nearly  so,  as  that  of  the 
rocks  and  lode,  and  more  often  higher,  which  it  may  be  presumed  it  would 
not  be  if  much  of  the  upper  water  were  mixed  with  it.  Most  of  the  experi- 
ments were  made  at  or  near  the  ends  of  the  deepest  level  in  each  of  the 
respective  mines,  as  at  E.  and  W.,  fig.  2. 

The  thermometers  employed  were  obtained  for  me  by  Professor  Phillips, 
from  Casella,  and  were,  1  need  scarcely  say,  accurately  graduated. 

They  were  placed  in  holes  from  15  to  20  inches  deep  in  the  rocks  and 
lodes,  which  were  carefully  closed  up  with  clay,  tow,  or  cotton.  After 
the  thermometers  had  been  so  left  from  half  an  hour  to  an  hour,  they 
were  withdrawn  for  an  instant  for  the  temperature  to  be  read  off,  and 
were  often  again  left  in  the  holes  for  some  time  longer ;  but  as  no  further 
change  was  observed  at  the  second  reading,  this  precaution  was  latterly 
dispensed  with. 

In  taking  the  temperature  of  ihe  water,  the  most  copious  springs  at  their 
sources  or  influx  into  the  levels  were  selected,  if  near  the  stations  where  the 
other  observations  were  made ;  and  the  temperature  of  the  surrounding  air 
was  also  ascertained. 

The  mines  visited  are  situated  in  different  parts  of  the  county,  ranging 
from  near  Fowey,  to  St.  Just,  a  little  to  the  north  of  the  Lands  End,  a  distance 
of  about  fifty  miles. 

To  begin  with  Fowey  Consols*  copper  mine,  situated  near  Fowey,  as 
being  the  most  easterly  one. 

The  deepest  level  in  this  mine  was  reported  to  be  328  fathoms  under  the 
surface,  and  about  298  fathoms  below  the  sea-level ;  but  the  influx  of  water 
interfered  with  any  experiments  being  made  in  this  part  of  the  mine,  which 
is  the  more  to  be  regretted,  as  perhaps  there  are  few  if  any  mines  elsewhere 
so  deep  in  reference  to  the  level  of  the  sea,  although  there  are  many  deeper 
from  the  surface  of  the  ground. 

At  268  fathoms  below  the  surface,  water  issued  from  a  copper  lode  at 

*  Capt.  J.  Pnckey  calculates  that  the  total  length  of  all  the  levels  on 

the  courses  of  the  lodes  in  this  mine  amounts  to    153  miles. 

Of  the  crow-courses  or  levels,  N.and  S 22  miles. 

^      And  of  the  shafts , 7  miles. 

182  miles  in  all. 
1857.  » 
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96°*5  Fahr. \  the  lode*  was  95°-5  and  the  air  95°*2 :  no persons  at  work  i 
the  place. 

In  a  level  288  fathoms  deep,  another  lode  was  94?°,  the  adjoining  rock 
93°,  and  the  air  91°"5 :  no  water,  and  the  containing  rock  "  kil&u" 

Par  Consols  is  situated  near  Par  on  the  shores  of  the  English  Channel,  and 
produces  copper  and  tin  in  " killas"  Its  deepest  level,  when  visited,  was 
208  fathoms  from  the  surface,  and  about  178  fathoms  under  the  sea-level: 
the  lode  in  it  was  at  84°,  the  rock  84°,  and  the  air  82°.  The  part  of  this  mine 
which  produces  tin  was  128  fathoms  beneath  the  surface  at  its  deepest  level, 
and  there  the  lode  was  at  74%  tho  rock  near  the  lode  74°,  the  air  75°,  and 
the  water  72°. 

The  United  Mines  in  the  parish  of  Gwennap  have  yielded  much  copper 
ore  in  "  killas  "  At  the  eastern  end  of  a  level,  255  fathoms  under  the  surface, 
and  nearly  200  fathoms  below  the  sea-level,  a  stream  of  water  gushing  out  of 
a  rich  copper  lode,  called  the  north  lode,  was  lately  found  to  be  at  the  tem- 
perature of  116°  Fahr.,  and  the  neighbouring  rock  and  air  were  at  106°.  In 
another  level,  also  255  fathoms  deep,  worked  on  a  parallel  lode,  southward  of 
the  former,  in  which  there  was  very  little  water,  the  rock  was  82°*5»  and  the 
air  82°. 

I  have  had  no  recent  information  relative  to  the  temperature  at  the  bottom 
of  the  mine,  but  in  1853  the  rock  was  94°,  the  air  90°,  and  the  depth  275 
fathoms*  At  that  date  the  stream  of  water  in  the  eastern  end  of  the  level, 
255  fathoms  deep,  was  at  109°,  or  7°  less  than  now  that  the  level  has  been 
further  extended*  In  1846,  when  the  level  was  still  less  advanced  towards 
the  east,  the  spring  of  water,  discharging  as  was  then  estimated  94  gallons 
in  a  minute,  was  at  106°-S»  and  the  air  104°*2.  At  that  time  I  examined 
some  of  the  water  and  found  15  grains  of  common  salt  and  chloride  of  lime 
in  a  quarter  of  a  pint  of  it,  in  nearly  equal  proportions ;  but  no  metallic  salt 
could  be  detected.    This  mine  is  several  miles  from  the  sea. 

In  1853  I  had  some  observations  repeated  ih  Tresavean,  to  ascertain  in 
what  proportion  the  temperature  had  increased  with  the  increased  depth 
since  1837*  This  mine  is  in  the  parish  of  Stythians,  about  eight  miles  to 
the  N.W.  of  Falmouth,  and  has  been  very  productive  of  copper,  found  mostly 
in  granite,  and  but  very  little  in  killas.  The  bottom  level  was  S52  fathoms, 
or  21 12  feet  under  the  surface,  which  is  more  than  any  other  mine  in  Corn- 
wall, and  about  1 750  feet  below  the  sea-level,  or  rather  less  in  this  respect 
than  Fowey  Consols.  The  lode  in  this  deep  level,  at  its  eastern  extremity, 
was  at  90°*5)  the  thermometer  having  been  long  kept  in  a  dry  hole,  closed 
at  the  top;  the  contiguous  granite  91°a5,  the  hole  rather  moist,  the  air 
91°*5,  and  a  small  spring  of  water  flowing  from  the  lode  into  the  level,  93°*5. 
In  1837  the  deepest  level  in  this  mine  was  262  fathoms,  or  1572  feet  beneath 
the  surface,  and  the  rock  there  was  then  found  at  82°*5. 

Dolcoath,  in  the  parish  of  Camborne,  has  been  a  very  productive  mine  of 
copper  and  tin  ores,  and  now  yields  much  of  the  latter  from  its  deepest  parts, 
the  containing  rock  there  being  granite,  with  killas  nearer  the  surface.  The 
deepest  level  on  the  north  lode  was  272  fathoms  below  the  surface,  and  ex* 
tended  only  about  four  fathoms  on  each  side  of  the  engine-shaft.  The  rock 
near  the  eastern  end  of  this  level  was  at  73°*5,  the  air  71°'7,  and  the  water 
73°.  At  the  western  end  the  rock  was  73°  on  one  side  of  the  level,  and  73°*5 
on  the  other,  the  air  73°,  and  the  water,  the  quantity  of  which  was  very  email, 
72°*7.    At  about  three  fathoms  further  south,  and  the  same  depth,  another 

*  When  the  temperature  of  the  rocks  or  of  the  lodes  is  mentioned  in  this  Report*  it  U 
meant  that  the  thermometers  were  placed  in  holes  in  them  for  half  an  hour  or  more,  and 
that  the  Other  precautions  already  referred  to  were  observed. 
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lode  was  worked,  the  level  extending  to  about  fourteen  fathoms  to  the  west- 
ward of  the  engine-shaft.  There  the  granite  was  found  to  be  at  79°'5,  and 
the  water,  which  was  much  more  abundant  than  in  the  other  level,  79°*5, 
white  the  air  was  at  78°.  Two  men  at  a  time  worked*  near  each  of  the 
stations  in  both  levels.  The  pumps  discharged  only  about  190  gallons  of 
water  per  minute  from  the  mine. 

In  1821-1832  the  deepest  level  in  Dolcoath  was  230  fathoms  from  the 
surface,  and  I  then  had  an  accurate  thermometer,  4  feet  long,  kept  in  it 
more  than  a  year  and  a  half,  with  the  bulb  sunk  S  feet  in  the  lode,  and 
it  varied  from  75°  and  75°*5  to  76°*5  and  77° ;  an  occasional  influx  of  water 
hairing  caused  a  temporary  rise  of  the  mercury  to  the  extent  of  a  degree  or 
more.  This  temperature  being  from  two  to  three  degrees  higher  than  the 
rock,'  was  lately  found  by  H.  Peters  to  be  at  an  increased  depth  of  42  fathoms : 
I  begged  Captain  Charles  Thomas,  the  manager  of  the  mine,  to  have  a  ther- 
mometer left  for  some  days  in  a  hole  in  the  rock  near  one  of  the  ends  of  the 
deepest  level  on  the  north  lode.  This  he  has  done,  and  he  reports  that 
the  temperature  did  not  vary  from  73°,  although  the  thermometer  was  left 
there  a  week,  and  the  top  of  the  hole  was  well  closed,  thus  confirming 
H.  Peters'  observations. 

The  water  near  the  bottom  of  the  engine-shaft  in  1822  was  at  82°,  at  239 
fathoms  below  the  surface,  and  this  year  (1857)  it  was  at  82°'5,  at  278 
fathoms  deep. 

Levant  copper  and  tin  mine,  in  St.  Just  parish,  is  nearly  twenty  miles  to 
the  west  of  Dolcoath,  and  is  close  to  the  sea.  Its  deepest  level  is  255 
fathoms  below  the  surface  of  the  ground,  and  neatly  230  fathoms  beneath 
the  sea-level,  having  been  horizontally  extended  under  it  through  killaa. 
The  temperature  of  the  rock  near  the  end  of  this  level  was  84°*7  on  one  side 
of  the  latter,  and  85°*5  on  the  other ;  the  water  85°-5,  and  the  air  85°.  No 
men  had  been  employed  in  this  level  for  some  time.  There  was  very  little- 
water  there,  and  indeed  only  about  60  or  70  gallons  were  discharged  per 
minute  from  the  mine. 

In  1853  the  temperature  of  the  rock  in  this  level,  when  it  was  not  ex- 
tended so  far  westward  under  the  sea,  was  reported  to  me  to  be  87°,  and  the. 
granite  rock  at  the  same  level,  eastward  of  the  shaft,  74°. 

Botallack  copper  and  tin  mine  is  situated  at  the  north-western  extremity 
of  Cornwall,  in  the  parish  of  St.  Just,  and  the  engine-house  is  built  on  a< 
rock  which  ia  washed  by  the  sea.  The  western  levels  have  been  worked 
through  killaa  far  under  the  Atlantic,  one  of  them  extending  more  than  half 
a  mile  from  the  shore.  -  Two  men  and  a  boy  were  employed  in  the  deepest' 
level,  which  was  less  advanced  from  the  shore.  It  was  188  fathoms  below 
the  ground,  and  about  180  fathoms  under  the  sea-level.  The  rock  near  the 
end  of  the  level  was  79°  on  one  side  of  it,  and  79°\5  on  the  other,  the  air  81° : 
no  water  at  that  station,  and  but  little  comparatively  in  the  mine. 

The  foregoing  results  exhibit  great  differences  in  the  rates  of  increase  in 
the  temperature  in  different  mines,  and  also  in  different  parts  of  the  same 
mine.  If  we  arrange  the  mines  in  the  order  of  their  respective  depths,  in-1 
eluding  those  only  in  which  experiments  were  made  in  the  racks  or  lodes  at 
their  deepest  levels,  the  following  will  be  the  ratios  in  feet,  in  descending 
from  the  surface,  in  which  the  temperature  was  augmented  one  degree  Fafar*; 
from  50°,  the  mean  temperature  of  the  climate. 
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Mines. 

Depths 
in  feet. 

Dates. 

Temperatures. 

Increase  of  1° 
in  descending. 

BaA^ 

Par  Consols  (tin  part)  ... 

Botallack,  C.  and  T 

Par  Consols  (copper  part) 

Dolcoath,  C.  and  T 

Levant,  C.  and  T 

768 
1128 
1248 
1380 
1530 
1530 
1530 
1572 
1632 
1632 
2112 

1837 
1837 
1837 
1822 
1853 
1853 
1857 
1837 
1857 
1857 
1853 

740    -50  =  24° 
79     -50  =  29 

84  -50=34 
75-5  -50«25-5 
74     -50-24 
87     -50  =  37 

85  -50=35 
82-5  -50=32-5 
73     -50=23 
79-5  -50=29*5 
90-5  -50=40-5 

32  feet 
39    „ 
36-7  „ 
54    * 
63-7  „ 
41-3,, 
43-7  „ 
48-4  „ 
71     n 
55*3  „ 
521  „ 

Killas. 

Killas. 

Killas. 

Granite. 

Granite. 

Killas. 

Killas. 

Granite. 

Granite. 

Granite. 

Granite. 

Levant,  C.  and  T. 

Levant,  C.  and  T 

Tresavcan.C • •• 

Dolcoath,  C.  and  T 

Dolcoath,  another  lode... 
Tre8avean,CT...ftt ......... 

On  comparing  the  results  obtained  in  Dolcoath  in  1821-1822  and  1827, 
it  appears  that  the  temperature  was  increased  only* 4°  in  one  level  with  an 
increased  depth  of  252  feet,  giving  a  ratio  between  the  stations  of  1°  increase 
in  63  feet;  and  in  another  level  the  temperature  was  actually  2°  to  2°°5  less 
than  in  1822,  although  252  feet  deeper  than  the  mine  was  then.  These 
experiments  were  made  with  great  care,  and  this  exceptional  case  may  pro- 
bably be  due  to  the  greater  hardness  and  compactness  of  the  lode  in  the 
deeper  level,  and  the  diminished  quantity  of  water. 

The  depth  of  Tresavean  was  increased  540  feet  between  1837  and  1853, 
and  the  temperature  8°*5  in  the  deepest  level,  or  in  the  ratio  of  1°  in  63*5 
feet 

I  have  not  included  in  the  Table  the  results  recently  obtained  in  the  United 
Mines  or  Fowey  Consols,  the  experiments  not  having  been  made  in  their 
deepest  levels;  but  the  hot  spring  at  116°,  at  the  depth  of  255  fathoms  in 
the  United  Mines,  gives  a  ratio  of  1°  increase  in  23*2  feet,  and  the  rock  in 
another  level,  also  255  fathoms  deep,  1°  in  47  feet 

In  1853  the  bottom  of  the  United  Mines  was  275  fathoms  below  the  sur- 
face, and  the  rock  94u,  or  in  the  ratio  of  1°  in  37*5  feet  At  Fowey  Consols, 
the  rock,  in'  a  level  288  fathoms  deep,  was  at  93°,  or  in  the  ratio  of  1°  in- 
crease in  40*2  feet 

Widely  as  the  ratios  differ  from  each  other  in  different  mines  and  in  dif- 
ferent parts  of  the  same  mine,  the  results  tend  to  confirm  the  statement  that 
the  temperature  in  general  increases  less  rapidly  in  deep  mines  than  in  those 
which  are  of  inferior  depth ;  and  this  is  more  especially  observable  when  ex- 
periment* are  made  from  time  to  time  at  the  bottom  of  a  mine  as  the  depth 
increases,  unless  the  results  be  modified  by  an  increase  of  water  coming  from 
greater  depths.  It  is  not,  however,  to  be  inferred  that  the  diminishing  ratio 
of  temperature  in  descending  into  the  earth  extends  to  an  indefinite  depth ; 
it  may,  on  the  contrary,  and  probably  does,  increase  much  more  uniformly 
at  depths  where  the  circulating  water  has  little  or  no  influence.  A  copious 
spring  of  warm  water  gushing  from  a  vein,  is  hailed  by  the  miners  as  a 
favourable  indication  of  the  proximity  of  ore,  and  so  is  a  pervious,  or 
"hollow"  lode;  but  the  former  clearly  results  from  the  latter,  the  warm 
water  rising  from  greater  depths  through  the  lode. 

These  subterranean  springs  are  often  nearly  as  free  from  saline  matter  as 
those  occurring  at  the  surface;  in  some  I  have  found  common  salt  and 
chloride  of  lime,  especially  in  water  taken  from  the  deep  levels  of  Poldice 
and  Wheal  Unity,  and  the  hot  spring  at  the  United  Mines.  My  friend 
William  Hustler  has  recently  examined  the  latter,  and  he  reports  that  it 
"  still  contains  a  large  quantity  of  chloride  of  sodium,  and  a  considerable 
quantity  of  chloride  of  calcium,  with  traces  of  the  sulphates  of  lime  and 
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magnesia ;  no  iron  or  copper."  All  these  mines  are  several  miles  from  the  sea. 
The  water  from  the  deepest  level  in  Levant  and  Botallack  also  contained 
some  common  salt,  and  was  slightly  saline  to  the  taste ;  but  the  proportion 
was  much  less  than  might  have  been  expected  in  excavations  extending  so 
far  under  the  sea.  I  have  examined  the  water  from  numerous  mines,  taken 
immediately  from  the  springs  at  their  entrance  from  the  veins  into  the  levels, 
and  I  have  not  detected  the  presence  of  any  metal,  except  in  some  instances 
a  very  little  sulphate  of  iron,  and  traces  of  the  sulphate  of  zinc,  on  two  or 
three  occasions.  On  the  other  hand,  it  may  be  observed,  that  the  water  not 
coming  directly  from  the  springs,  but  which  is  collected  more  or  less  in 
pools  in  the  levels,  often  contains  metallic  salts  derived  from  the  ores  in 
the  levels  broken  from  the  lodes,  and  exposed  for  a  time  in  heaps  to  the 
joint  action  of  air  and  water. 

The  phenomena  observed  in  mineral  veins,  however,  afford  strong  pre- 
sumptive  evidence  that  the  water  circulating  through  them  has,  from  time  to 
time,  varied  much  in  its  properties,  sometimes  depositing  minerals,  and  at 
others  decomposing  them. 

Captain  J.  Puckey  has,  at  my  request,  made  an  experiment  on  the  tem- 
perature of  the  rock  at  the  end  of  a  "cross-cut"  in  Fowey  Consols.  The 
end  was  dry,  60  fathoms  from  the  lode,  distant  from  other  workings,  and  140 
fathoms  deep.  He  thinks  that  they  will  have  to  extend  the  cross-cut  20 
fathoms  further  to  intersect  another  lode.  The  thermometer  remained  an 
hour  in  a  hole  of  the  rock,  the  top  of  which  was  closed  with  clay ;  and  on 
being  withdrawn,  the  mercury  was  found  at  82°,  and  in  the  air  it  stood  at  75°. 
Captain  John  Kitto  has  also  made  experiments  in  Swanpool  lead  mine  near 
Falmouth;  temperature  of  rock  58°  at  the  end  of  a  dry  cross-cut,  84  fathoms 
northward  of  the  lode,  and  55  fathoms  deep.  In  another  cross-cut,  the  end 
of  which  is  14  fathoms  to  the  south  of  the  lode,  and  60  fathoms  below  the 
surface,  the  rock  was  at  60°,  air  64°,  and  the  water  59°.  The  presence  of 
the  latter  probably  indicated  the  proximity  of  another  lode.  This  mine  is 
80  fathoms  deep,  and  both  the  mines  are  in  killas. 

I  may  remark,  in  conclusion,  that  on  comparing  the  specific  gravities  of 
pieces  of  different  rocks  taken  from  the  deepest  parts  of  some  of  the  mines, 
with  others  of  the  same  kind  occurring  at  or  near  the  surface,  I  have  not 
found  any  decided  differences  between  them  in  this  respect. 


De  quelques  Transformations  de  la  Somme  2j     <1+l   t[+J  fl+l*  *  ™ant 

entier  nSgatif,  et  de  quelques  cas  dans  lesquels  cette  somme  est  ex- 
printable  par  une  combtnaison  de  factorielles,  la  notation  a'l+l  dtsig- 
nant  le  produit  des  t  facteurs  a(a  -f  1)  (a  -f  2)  fyc. . . .  (a  -f  t — 1).  Par 
G.  Plarb,  Docteur  is  Sciences  de  Strasbourg. 

[A  Communication  ordered  to  be  printed  entire  among  the  Reports  of  the  Association.] 

Dans  un  memoire  sur  la  s6rie 

J\<~>H>TJ       Tl.y+    1.2.y.(y+l    +  jsi+yj+i 
Gauss  a  donne*  une  expression  de  la  somme  de  cette  serie  pour  des  valeurs 
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qoelconques  de  afly,  satisfaisant  teulement  a  la  condition  de  conTorgence 

Daoa  le  cat  oil  a  est  entier  negatif  (et  que  da  rette,  y,  s'il  est  de  meme 
entier  negatif,  est  en  valeur  absolue  plat  grand  que  — *),  la  t£rie  se  termine, 
et  peat  t  exprimer  par  an  quotient  de  deux  factorieiles, 

^ft^Cr^i. (1) 

Designons  par  analogic  par  F^**  **  J  la  serte  proposes  de  six  factorieiles, 
©'est  i  dire,  poeont 

Dans  le  cat  ou  a  est  entier  negatif  (et  que  y  et  c,  s'ilt  l'ont  Tun  ou  l'autre 
entiers  negatifs,  sont  en  valeur  absolue  plus  grands  que  —a),  la  serie  se  ter- 
mine  au  1  —  a*"*  terme,  et  son  expression  est  susceptible  d'un  certain  nombre 
de  transformations,  dont  voici  quelques  unes : — 

F/«,/UWY-/0-'+1     /     *ft«->    X () 

\y,e    )       y-a|  +  l     *  \a+fi-y+l,  t)  Ki 

V  y» «  /  y-«i+ie-«rr+ * \a+/3_y+i,  a+/g_e+i  J w 

P/«.A*\_/     lyf1*1*-**1  F  /«,  a-y+1,  ft-e  +  1 1  ,. 

Les  formules  (6),  (c)  sont  des  consequences  de  (a). 
Dans  le  cas  ou  e— 3  est  entier  negatif,  et  en  valeur  absolue  plus  petit  que 
—a,  la  formule  (a)  donne  celle-ci : 

/«,  ft  I  \_(y+«-fl-3)«l-"       f  ,-a,  «,  ,-fl  1  ,. 

\    y,«   >/ y— 1  +  1    -Fiy#«-^-8,.r-    '    '    {d) 

Lorsque  a+/3-f  5— y— €+1=0,  la  formule  (6)  donne  le  resultat  suivant, 

base*  sur  la  remarque  que  Frf^Wl  lorsque  *y=sO;  savoir, 

V     y,  «/  y-«l  +  l€-ct|+I  X1 W 

Le  cas  ou  les  bases  a,  /3,  &c.  satisfont  a  la  relation  a+/3+3— y— c+l=0 
est  done  un  des  cas  dans  lesquels  la  fonction  F(  a>  ^'     )   peut  se  sommer 

V  y»c  / 

sons  forme  monome,  et  s'exprimer  par  un  quotient  de  factorieiles. 

Voici  maintenant  la  demonstration  de  la  formule  (a).  La  formule  (1) 
donne 

Identifions   avec  le  3e   membre  le   quotient    -L—  dans  l'expression  de 

Ff— — —  J.     Nous  devions  poser 

—a—t,    c—b=Z>    c=e. 


Deli 
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Iotervertissons  l'ordre  dans  la  semination  par  rapport  a  t  et  a  *.  A  cet  effet 
donnons  une  signification  geom6trique  a  la  doable  som  (nation  exprim6e  par 


.-«  _< 


2{   2p*G*> 

Concevons  les  valeurs  ^(l,  *)  disposes  par  points  dont  les  abscisses  soient 
ty  et  les  ordonn£es  s,    I/ensemble  de  ces  points  est  limitl  par  un  triangle 


dont  Fhypotenuse  a  pour  equation  s=t,  et  les  deux  cadettes  sont  *=0  et 
<=— a;  car  pour  chaque  valeur  de  t  considSre*  comme  indice  ind6pendant, 
il  faudra  donner  a  *  les  valeurs  depuis  *=0  jusqu'&  *=*.  61  Ton  con- 
siders * 


kl 


comme  indice  independant,  il  faudra  pour  chaque  valeur  de  *  donner  k  t  lea 
valeurs  depuis  <=*  jusqu'i  <=  —a.    On  aura  done 


d'on 


2f  2;*e,«)=2f  2jV','V 

y,  «      "  ^0     ^#  X«  +  i  y*l+X  l*l  +  » 


Introduisons  un  nouvel  indice  u  lie  a  «,  I  par  *=*+«<.    Les  limites  de  t4 
seront  pour  *=*,  u=0 ;  pour  *=s  —a,  «=  —a—*.    De  plus, 


1.' 


fl+1 


«|+1 


D'ou 


M+l 


en  reraar* 
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La  somme  J«      0(tt)  est  de  ^a  f°rme 

'      y+*     "      (y+*)-M,+l 
Cette  quantity  toute  reduction  faite,  devient 

y-«i+i      *(a+/}_y+i)+1+i 
En  la  substituant  dans  l'expression  pr6cddente  de  F  f    '  p*    j ,  et 

quant  que  (  — 1)*=  + 1,  il  en  resulte  la  formule  (a). 

Pourque  la  formule  (a)  ne  soit  pas  illusoire,  il  faut  que  a+/3— y+1,  s'il 
est  entier  nggatif,  ne  sort  pas  en  valeur  absolue  raoindre  que  —  a,  ou  moindre 
que  e— 3  si  par  hasard  cette  derni&re  quantity  est  entiere  negative  moiudre 
que  —a  en  valeur  absolue. 

La  formule  (b)  se  dfeduit  de  (a)  si  Ton  identifie  F  (     \^  €      •     ]  avec 

la+p— y+l,cj 

*{*(?'?}  en  poeant  *=a''  P^P*  €"*=y»  «+/'-y+l=ss«,»  €=y;  et 

que  Ton  applique  la  formule  (a)  aux  lettres  a\  /3f,  Ac- 
La  formule  (rf)  se  deduit  de  (a)  en  poeant 

€=er,     a+jS-y+lsy, 

appliquant  la  formule  (a)  a  F  a,y  ',  ,  et  transformant  le  facteur  en  de- 
hors de  F. 


Report  on  the  Marine  Zoology  of  Strangford  Lough,  County  Down, 
and  corresponding  part  of  the  Irish  Channel.  By  G.  Dickie,  M.D., 
Professor  of  Natural  History,  Queen's  College,  Belfast. 

The  entrance  to  Strangford  Lough  is  less  than  two  miles  in  breadth ;  it  gra- 
dually becomes  narrower,  forming  a  channel  half  a  mile  broad  with  a  length 
of  about  three  miles.  The  tidal  current  in  this  channel  is  estimated  as 
having  a  velocity  of  nine  miles  per  hour ;  as  a  consequence  of  such  pecu- 
liarities, we  find  near  Portaferry  a  depth  of  twenty-nine  to  thirty-five  fathoms 
in  the  centre  of  the  channel,  and  a  gradual  slope  upwards  from  mid-channel 
to  both  shores.  The  bottom,  in  the  deepest  part,  consists  of  rock  with  large 
and  small  stones  interspersed ;  near  the  shore  we  find  a  mixture  of  small 
stones  and  gravel,  and  in  the  small  bays  sand  or  mud,  or  both  intermixed. 

The  wider  expansion  of  the  Lough  itself  presents  very  much  the  same 
characteristics  of  bottom,  with  this  difference,  that  the  proportion  of  hard 
material  is  very  much  less,  a  large  part  consisting  of  mud.  These  pecu- 
liarities give  rise  to  corresponding  differences  in  the  distribution  of  animal 
life,  as  the  following  facts  testify  : — 

The  fauna  of  parts  of  Strangford  Lough  has  been  examined  by  the  late 
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Mr.  Thompson  and  Mr.  Hyndman,  daring  excursions  in  1832,  1846,  and 
1851.  Some  of  the  results  of  these  dredgings,  found  among  the  papers  of 
Mr.  Thompson,  will  be  given  separately  ;  the  exact  places  dredged  by  these 
gentlemen  are  not  in  every  case  recorded. 

About  the  middle  of  June  of  the  present  year  (1857)  I  began  the  exa- 
mination of  the  Lough;  fortunately  the  weather  was  so  favourable  that 
during  fifteen  days*  stay  at  Portaferry,  twelve  dredging  excursions  were 
made,  each  occupying  five  to  eight  hours.  At  the  end  of  the  first  week  I 
was  joined  by  E.  Waller,  Esq.,  and  received  valuable  aid  from  him  in 
recording  the  lists  of  species. 

It  may  be  necessary  to  state  that  species  designated  as  common  or  very 
common  are  those  of  which  a  considerable  number  of  specimens  were  brought 
up  at  every  haul  of  the  dredge  ;  of  those  called  rare,  not  more  than  four  or 
five  were  procured,  either  at  one  haul  or  as  the  result  of  several  trials ;  the 
species  marked  very  rare,  are  those  of  which  not  more  than  four  or  five 
specimens  (generally  not  so  many)  were  found  among  the  entire  products 
of  all  the  excursions :  as  examples,  may  be  mentioned  Chemnitzxa  scaiaris  and 
Terebratula  caput-serpentis. 

These  symbols  have  been  used  for  brevity's  sake : — 


Very  common ** 

Common * 

Rare t 


Very  rare % 

Living    / 

Dead d 


Strangford  Lough,  Castle  Ward  Bay  ;  a  quarter  of  a  mile  from  the  shore, 
depth  seven  to  twenty  fathoms ;  three  and  a  half  miles  from  the  sea ;  bot- 
tom mud,  small  stones,  gravel. 

Tunicata. 
ApUdivmfdUax*    \    ClavtUina  lepadiformis  f    |    M blgula  htbulosa  • 


LAM  ELLI BRANCH  I A/TA. 

Pkoladid*.      Pholaa  Candida  f  d.   Cyprinida. 

GastroclUBnida.  Saxicava  arctica  ...  t  /.    Cardiada. 

rugosa    *  /. 

Myad*.  Mya  truncate f  d. 

Corinilid*.       Corbula  nucleus *  /. 

Anatinid*.      Thraciaphaseolina...  t  d. 
Soknida.         Solen  ensis *  d. 

pellucidus t  ?•    Ludnida, 

Solecurtidte.    Solecurtus  coarctatus  j  d. 
TcUinid*.       FsammobiaFerroensis  *  d.  Kelliad*. 

tellinella t  /.    Mytihd*. 

Syndosmya  alba t  /. 

prismatica J  /. 

Madrid*.       Mactra  elliptica t  '•    Arcad*. 

Vnerid*.       Tapes  virgmea    *  /. 

pullastra t  '• 

aurea  t  d.  Ostreadct. 

Venus  casina  t  J. 

—  fasciata  *  /. 

■  ovata  **  /. 

Striatula \  L 

striatula **  d. 

Cyprinid*.     Cyprina  Islandica  ...  t  /• 

Astarte  sulcata  t  *» 


Astarte  triangularis...  \  I. 
Cardium  echinatum  .  *  d. 

edule  *  rf. 

nodosum *  /. 

—  fasciatum    J  d. 

pygmseum f  J. 

— —  Suecicum   %  d. 

Lucina  borealis *  I. 

flexuosa t  d. 

Kellia  suborbicularis .  t  /. 
Modiola  modiolus  ...  *  I. 

—  phaseolina? t  /. 

Mytilus  edulis *  /, 

Nucula  nucleus  *  /. 

— —  nitida J  /. 

Leda  caudate  1  /. 

Lima  Loscombii T  d. 

Pecten  striatus    %  J. 

maximus... *  d. 

opercularis *  L 

tigrinus  t  d. 

Ostrea  edulis  t  d, 

Anomia  ephippium...  *  I. 
striate t  d. 
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Gastbropoda. 


OMitonid*.      Chiton  asellus   *  /. 

t  h 

t  /. 

*  h 

*  /. 
t  d. 

*  /. 


PattUid*. 


DentaUada. 


TrocMd*. 


•  fascicularis 

l«vis 

ruber 

Patella  pellacida 
Acmaea  virginea... 

testuainalis 

Dentalium  entalis  , 

Calyptrmd*.  Pikopsis  Hungaricus  t  d. 

Fissurellid*.  Fissurella  reticulata  .  t  d. 
Emarginulareticulata  *  d. 
Trochua  einerarius...**  J, 

->—— magus   *  I. 

milTegranus  ...  t  /. 

— —  Montagui  ......  t  d, 

—  tumidus *  l. 

—  zizyphinus **  /. 

—  petr.  Lyonsii  ...  t  J. 
Phasianellapullus...  *  I. 

Littorinid*.    Lacuna  crassiov |  d. 

vincta **  /. 

BitaoaBeanii •  d. 

—  costata t  d. 

—  crenulate  , t  d. 

labiosa  *  d. 


IAttuMdm.   Rissoa  striata *  a\ 

Twriiellidm.  Tumtella  communis  *  I. 

Cerithiada.  Aporrhaiapes-pelecani  *  f. 
Cerithiumretieulatum*  d. 

Pyramidellid&JZuMms.  bilineata  ...  \  I. 

polita \  £ 

Chemnitzia  scalaris  .  \  <L 
elegantftsiina...  \  d. 

—  indi8tincU J  d. 

Naticanitida *  I 

—  aordida  .........  J  d. 

Cyprtea  Buropea  ...«•  rf, 
Mangelia  turricula...  t  a\ 

—  rufa t  A 

septangularis...  t  '• 

linearis  t  rf. 

Nassa  incrassata *  d. 

Buecinum  undatum .  t  J. 

Funis  antiqaua 1 1 

Trophon  clathntus  •  t  d. 

—  muricatus *  <L 

Mures  erinaceua  ...  t  d. 
Cylichna  eylindracea  t  d. 

obtusa  ,,, J  d. 

Tornatella  fasciata...  }  d. 


Naticida. 

Cyprmad*, 
Conida, 


Buecinida. 


Buttida. 


-~*~  ruftlabrum *  d. 

The  dead  shells  so  abundant  in  this  locality  were  chiefly  Tape*  pulkutra, 
T.  virginea,  Cytherea  lincia,  Venus  ovata,  V.  Mtriatula,  Cardutm  nodosum, 
Corbula  nucleus  and  Nucula  nucleus. 

Wellstream  Bay,  west  of  Chapel  Island ;  five  miles  from  the  sea ;  half  a 
mile  from  the  thoro  j  chiefly  mud ;  fifteen  fathom* 


Myadce. 

Qorbviida. 

AnatinicUc. 

Solenida. 

Solecurtida, 

TeWnid*. 

Vencrida. 


Lambllibranchiata. 

Mya  arenaria t  d.     Vmerida, 

Corbula  nucleus *  /. 

Thraciaphaseolina...  t  d.     CyprinidcB. 

convexa t  rf. 

Solen  pellucidus t  l>      Cardiada. 

Solecurtus  coarctatus  t  d. 
PsammobiaFerroensis  *  d.     Lucinida. 
Syndosmya  intermedia  t  /.      Arcades. 

Tapes  virginea  t  /. 

Venus  ovata  t  I* 


Artemis  lincta •  i 

exoleta  ,..  f  rfi 

Astarte  sulcata  t  /. 

Cyprina  Islandica ...  f  d. 
Cardium  echinatum .  t  </. 

nodosum   t  /. 

Lucina  borealis  ......  t  /. 

Nucula  nucleus *  /. 

—  nitida f  J. 


Trochus  Montagui...  t  I. 
Turritella  communis  t  /. 

Naticanitida t  /. 

Trophon  muricatus..  t  d, 


Gasteropoda. 
Chiionida.      Chiton  asellus    ......  *  /.      Trochida. 

Patellid*.       Patella  peilucida   ...  t  /.      Ttirritellida. 
Dentaliada,    Dentatium  entalis  ...  t  rf.     Naticida. 
Trochida.       Trochus  zizyphinus  .  t  d.     Muricida. 
tumidus t  I. 

Upper  part  of  Wellstream  Bay,  six  miles  from  the  sea ;  a  mile  from  the 
shore ;  mud  chiefly ;  four  to  eight  fathoms* 

Lambllibranchiata. 

Qastrochanid*.  Saxicava  arctica  ...  t  /.      SoUnidce.        Solen  pellucidus t  /. 

My  odes.          Mya  truncate \  d.     Solecurtida.  Solecurtus  coarctatus  t  d. 

Corhulida.      Corbula  nucleus *  /.      Tellinida.       Tellina  donacina t  <f. 

Pandorida.     LvonsiaNorvegica ...  %  d.  PsammobiaFerroensis  t  d. 

Anatinid*.      Tliracia  convexa I  d.     Veuerid*.       Tapes  virginea  *  d. 
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Veneridm, 


Cyprhdda. 
Car&adm. 


Lamblubbahohiata  (etmOmued). 


Chitonidce. 

PateUida. 

Datialiadm. 

Fissurcllidce. 

Trochid*, 


Venus  striatula *  d.     Mytilidcs. 

ovata *  I. 

fasciata *  d. 

Artemis  lincta    ....J.  *  d.     Arcada. 

exoleta  ....:.,..  f  d, 

Cyprina  Islandica...  t  d.     Ostreada. 

Iaocardia  cor t  d. 

Cardium  echinatum .  f  d. 

Lucina  flexuosa.,,...  t  d. 

Gasteropoda. 

Chiton  asellus    •  /.  Trochid*. 

Acmaea  virginea *  L 

Dentalium  entalia  ...  *  d.  Turritellida. 

Emarginula  reticulata  •  d.  Cerithiada. 
Troehua  cinerarius,.,  *  h 

—  umbilicatus   ...  t  d.  Naticida. 

—  tumidus ,..  *  /.  Muricida. 

■  millegranus   ...  t  d.  Cyprceada. 


Modiola  modiolua  ...  •  d, 
Modiola  phaseolina .  t  '• 
—  marmorata    ...  f  /. 

Nucula  nitida t  /. 

nucleus *  cf, 

Lima  subauriculata ..  J  d. 

— —  Loscombii f  d. 

Ostrea  edulis t  d. 

Anomiaephippium.,.  *  U 

Trochus  Eizyphinus  .  t  /• 
■  var.  Lyonsii  ...  t  /. 
Turritella  communis  *  d. 
Aporrhais  pcs-pele* 

cani *  /. 

Naiica  nitida t  /. 

Buccinum  undatum .  t  I. 
Cyprsea  Europaea  ...  t  d. 

Bay  opposite  Killileagh ;  six  miles  from  the  sea ;  half  a  mile  from  the  land ; 
mud ;  six  fathoms. 


Venus  casina ,  t  d. 

Modiola  modiolus  ..<  *  I. 

Nucula  nucleus *  /. 

Pecten  opercularis...  *  d, 
Anomiaephippium...  *  d. 


Myada.  Myatruncata, t  d,     Venerida, 

Corbulida.      Corbula  nucleus    ...  *  I.     Mytilida. 
Solecurtida,    Solecurtus  coarctatus  t  d.     Arcades. 
TeUimd*.      Fsammobia  Ferroensis  *  d.     Ostreada. 

Syndosmya  alba t  ?. 

Gasteropoda. 

Chitonida.       Chiton  astUus  t  /.      TurritiUidm.  Turritella  communis    *  d. 

Trochid**.       Trochus  cinerarius..,  *  I, 

Near  the  centre  of  Strangford  Lough,  two  to  two  and  a  half  miles  from 
either  shore  (in  a  line  between  Kircubbin  and  Killinchy)  ;  seven  miles  from 
the  sea ;  chiefly  mud;  depth  fifteen  to  twenty-five  fathoms. 

Lamb  LLIBRANCHI  ATA. 

Solecurtus  coarctatus  t  d.     Kelliada. 


Soleeurtida. 

Pandoridce. 

Anatimd*. 

CorbuUda. 

Venerida. 


Cyprinida. 
buchtida. 


Lvonsia  Norvegica  .  J  '• 

Tnracia  convexa t  d, 

Corbula  nucleus. *  I. 

Tapes  virginea   *  /. 

Venus  casina t  d, 

ovata, **  I. 

striolata t  /. 

Cyprina  Islandica  ...  *  I. 

Astarte  sulcata  *  /. 

Lucina  borealia *  /. 

—  flexuosa. ........  t  d. 


Mytilida. 
ArcacUe. 

Ostreada;. 


Kellia  suborbicularis  X  I* 
Modiola  modiolus  ...  *  /. 

Nucula  nucleus *  /. 

nitida T  J. 

Pecten  maximus    ...  t  /. 
—  striatus  ....i....  t  dt 

- opercularis **  /. 

pusio •  /. 

varius *  /. 

Anomiaephippium...  *  /. 

striata t  h 

OBtrea  edulis *  I. 


Gasteropoda. 


PatelUda.       Acmasa  virginea *  /.      TurriteUid*. 

fUsurellida.   Fissurella  reticulata .  t  I.     Naticidce. 

Emarginula  reticulata  t  d. 
Jrochid*.       Trochus  millegranus.  t  /. 

«— osyphinus t  '• 

— -cinerarius  *  I. 

•—■—tumidus *  I. 

The  broken  shells  in  this  locality  were  chiefly  Venus  ovata 
Pecten  opercularis,  Modiola  vulgaris,  and  Ostrea  edulis. 

Bay  to  the  north  of  Gun  Island,  in  the  Irish  Channel,  at  south  entrance 
of  Stnwgford  Lougb ;  a  mite  from  the  store j  mud  god  sand  3  seven  fathoms 


Muricidce. 


BulHda. 


Turritella  communis   * 

Natica  sordida  t 

—  monilifera ......  t 

Nassa  inerassata t 

Buccinum  undatum  .  * 
Trophon  muricatus...  t 

Akerabullata t  /. 

Tapes  virginea, 
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Cardium  nodosum...  *  /. 


Natica  nitida *  I 

Nassa  incrassata *  <L 


Lambllibranchiata. 

TelHnid*.       Tellina  fabula *  L      Cardiad*. 

Veneruke.       Venus  striolata *  d. 

Gastrropoda. 
FissurellicUe.  Fissurella  reticulata  .  t  d.     Naticida. 
Trochida.       Trochuscinerarius...  *  d.     Muricida. 
— —  tumidus *  d. 

In  the  open  channel  opposite  to  the  entrance  of  Strangford  Lough,  the 
results  of  dredging  indicated  very  regular  distribution  of  materials  through* 
out  a  distance  of  seven  miles  from  the  bar. 

1.  From  the  bar  to  one  mile — more  or  less — large  stones  with  a  mixture  of 
fragments  about  the  size  of  the  fist. 

2.  Two  miles— more  or  less — from  the  bar,  gravel,  small  stones,  and 
shell  sand. 

3.  Three  miles — more  or  less — from  the  bar,  gravel  with  dead  and  living 
mollusca,  and  fine  debris  of  shells. 

4.  Four  to  five  miles  from  the  bar,  sand  and  mud,  with  a  smaller  pro- 
portion of  dead  and  living  mollusca. 

5.  Six  miles — more  or  less— from  the  bar,  fine  mud  and  sand. 

6.  Seven  miles  from  the  bar — more  or  less — fine  black  tenacious  mod, 
with  one  living  bivalve  (Syndosmya  intermedia),  and  Brissus  fyrifer. 

It  need  scarcely  be  stated,  that  the  powerful  currents  which  issue  from  the 
narrow  opening  of  the  Lough,  in  some  measure  account  for  these  pecu- 
liarities, the  lightest  materials  being  carried  farthest  and  deposited  at  a 
distance  from  the  bar. 

Mollusca  of  First  Zone,  12  fathoms. 
Chiton  ruber,  f  I     |     Chiton  asellus,  *  /.     |     Acmasa  virginea,  *  /. 

Mollusca  of  Second  and  Third  Zones,  12  to  15  fathoms. 
.  Lambllibranchiata. 


Gastrochanida.  Saxicava  rugosa ...  *  /. 

arctica    +  /. 

Myatruncata f  d. 

Corbula  nucleus f  d. 

Pandora  obtusa %  d. 

Thracia  phaseolina...  t  d. 

Solen  sihqua f  d. 

ensis  t  d. 

Solecurtuscoarctatus  %  d. 

—  candidus    j  d. 

Tellina  crassa f  d. 

—  fabula    +  /. 

PsammobiaFerroensisf  d. 
tellinella    *  /. 

Smdosmya  prismatica}  I. 
actra  elliptica *  /. 

Lutraria  elliptica    ...  *  I 

Tapes  virginea   *  /. 

Venus  casina f  d. 

fasciata f  /. 

striatula    f  d. 

— -ovata •  d. 

Artemis  exoleta f  d. 

lincta f  l 

Brachiopoda. 
Tereftroliitote.Terebratula  caput-serpentis,}  /.     Cn 


Myadte, 

Corbulid*. 

Pandorida. 

Anatinida. 

Soltnida. 

Sokcwrtid*. 

Tellinida. 


Madrid*. 
Venerida. 


Cyprinida.     Cyprina  Islandica  ...  f  /. 

Cure  irinima \  I 

Astarte  sulcata  f  d. 

triangularis  ...  j  /. 

Cardium  nodosum ...  *  /. 
■  pygmssum  ......  +  <L 

Norvegicum  ...  j  d. 

Lucina  borealis  t  L 

Kellia  suborbicularis  J  /. 
Montacuta  substriata  t  /. 

Nucula  nucleus *  d. 

Pectunculus  glycymeris  *'/. 
Modiola  modiolus  ...  *  /. 

phaseolina?  ...  f  /. 

LimaLoscombii %  L 

Pecten  simihs J  d. 

—  varius f  d. 

—  opercularis •  d. 

—  iTnyimna    ......  +  d, 

—  tigrinus •  I 

Ostrea  edulis f  /. 

Anomia  striata  f  I 

—  ephippium •  /. 

—  patelliformis  ...  f  /. 


Cardiada. 

Lucinida. 
Kelliada. 

Arcades. 

Mytilid*. 

Ostreada. 


aniada.  Crania  anomala...  { I 
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CkUomda.      Chiton  asellus    *  /. 

—  ruber f  /. 

PateUida.       Patella  pellucida f  4 

Acnuea  virginea f  /. 

DenUduute.  Dentalium  entalis ...  *  4 
Calyptraida.  Pileopsis  Hungaricus  X  4 
FUsureltid*.  Finurella  reticulata .  J  d. 

Emargimila  reticulata  f  /. 
Troekida,       Trochua  zizyphinua  .  t  '. 

—  Montagui •  /. 

—  cineranua *•  /. 

tumidui *  4 

Uttormida.    Riaaoa  labiosa    *  d. 

striata    •  d. 

•—  crenulata  }  d. 

Ceriikiada.     Gerithium  adversum  J  4 

reticulatum  ...  *  4 

Eulima  bilineata. f  d. 

PyramidelUda. polite    X  I 

MoUusca  of  Fourth  Zone,  18  to  20  fathoms. 
Lambllibranchiata. 

Corbulida.      Corbula  nucleus f /.      Cyprinida. 

Pandorid*.      Pandora  obtusa %  /. 

SoladdtB.        Solen  pellucidus f /.      Cardiada. 

Teltinida.        Fsammobia  tellinella  f  4 

Ferroensis t  4     MytiUda. 

Mactra  elliptica 

Tapes  virginea 

Venus  casina  ... 

— —  fasciata  ... 

ovate 


Pyramid€llicUe.E\i\im&  distorte  (var. 

gracilis)  X  4 

Chemnitzia  elegantisaima  \  4 
Odostomia  unidentete  ...  t  d. 
spiralis f  d. 

Naticida.        Natica  monihfera  ...  f  d, 

—  nitida *  4 

Velutinida.  Laraellaria  perspicua  J  d. 
CancellariacUe.Trichotroyi*  borealis  J  4 
Muricida*       Nassa  incrassate *  4 

Buccinum  undatum  .  *  /. 
Fusus  antiquus  ......  f  h 

Trophon  muricatus  .  f  d. 

clathratus +  4 

Barvicensis   ...  J  d. 

Mangelia  linearis  ...  J  4 
costata  \  4 

—  purpurea   \  4 

rufa    f  4 


Conida. 


Mactrida. 
Venerida. 


Arcada. 
Ostreada. 


Circe  minima J  d. 

Cyprina  Islandica  ...  *  /. 
Cardium  echinatum .  f  d. 

—  nodosum   X  '• 

Modiola  modiolus ...  *  4 
Crenella  decussate . .  %  I. 

Pectunculus  glycimeris  *  4 
Pectenopercularis...  *  4 
tignnus t  '• 

—  varius +  4 


t  4 

•  4 
t4 
t*. 
t4 

•  4 
Gasteropoda. 

Dentalium  entalis  ...  *  4     Naticida. 

Emarginula  reticulatef  4 

Trochus  cinerarius...  *  4     Muricida. 

Montogui *  4 

tumidus *  /. 

Riasoa  striate *  4     Conida. 

PjrrosticfeSt^.Chemniteiaindistinctat  4 

MoUusca  of  Fifth  Zone,  25  fathoms. 
Solen  pellucidus    ...  *  /.      Dentaliada.    Dentalium  entalis  . 
Syndosmya  intermedia*  I.      Turritellida.  Turritella  communis  * 

Venus  ovate  t  h     Naticida.        Natica  nitida t  /. 

MoUusca  of  Sixth  Zone,  26  fathoms. 
Syndosmya  intermedia*  /.      Conida.  Mangelia  linearis  ...  X  4 

Along  with  these  a  single  living  specimen  of  the  rare  Brissus  lyrifer  was 
procured. 

In  Strangford  Lough  103  species  (dead  or  living)  were  dredged :  58  Bi- 
valves and  45  Univalves.     The  locality  which  produced  the  largest  number 
is  near  the  junction  of  the  narrow  channel  with  the  wider  part  of  the  Lough 
itself,  viz.  Castle  Ward  Bay ;  the  general  result  being — 
LameUibranckiata.    Living  29  species  \ 
Dead    18     „      ) 

Gasteropoda Living  22     „      l_co 

Dead   31     „      J-*5 


Dentatiada. 
FUtmrellicUe. 
Trocteke. 


bittorixida. 


Solenid*. 
TeUinitUe. 
Vcneridce. 

TelHfUd*. 


Natica  nitida f  /. 

sordida %  4 

Nassa  incrassate    ...  *  4 

Fusus  antiquus  f  I. 

Trophon  muricatus  .  t  4 
Mangelia  attenuate  .  \  4 


4 


=47 


100  species* 
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The  next  locality  worth  mentioning  ii  Wellstream  Bay,  about  two  miles 
within  the  wider  part  of  the  Lough,  or  that ,  distance  from  the  upper  end  of 
the  narrow  channel,  and  five  to  six  miles  from  the  sea.  Contrasted  with  the 
former  locality,  the  number  of  species  is  reduced  to  one-half,  viz. 

LameWbranchiata.  Living  10  species  1  _oo 
Dead   22     „      J     32 

Gasteropoda   Living  10     M      \al8 

Dead     8     „      / 

50  species. 

In  the  widest  part  of  the  Lough,  near  its  centre,  and  farther  from  the  sea 
than  the  previous  locality,  we  find  a  still  greater  reduction  in  the  number:— 

Lamellibranchiata.    Living  21  species  \  __<*; 

Dead     5     „      j-26 
Gasteropoda.  «t...»    Living   8     „      1      »i 

Dead     6     „      J—1* 

40  species*. 

In  the  open  Irish  Channel,  outside  the  Lough,  96  species  were  dredged, 
in  the  following  proportions  :— 

Lafnettibranckiata.  Living  31  species  T  re 
Dead    24     „      /=55 

Gasteropoda  Living  H      „      "I      ,n 

Dead   30     „      J"^4i 

96  species. 

It  may  be  worthy  of  notice,  that  the  dead  shells  found  in  the  outside 
Channel,  and  those  dredged  in  the  Lough,  presented  an  aspect  so  different, 
that  if  the  two  were  mixed  together,  I  could  easily,  point  out  those  found  in 
the  one  or  the  other  locality.  Those  dredged  at  sea  were  peculiarly  fresh  in 
external  appearance,  and  generally  retained  their  original  consistence,  and 
in  many  cases  their  colour ;  whereas  those  found  in  the  Lough  had  almost 
universally  lost  their  colour,  and  in  many  instances  were  so  decayed  that 
they  eould  be  easily  crushed  by  the  fingers.  . 

On  taking  a  general  view  of  the  Molluscaa  fauna  of  Strangfbrd  and  that 
of  the  Irish  Channel  opposite  its  entrance,  we  remark  the  absence  of  species 
belonging  to  the  Lusitanian  and  South  British  typesf,  and  the  general  oc- 
currence of  those  of  the  European  type,  with  a  large  proportion  of  those 
called  Celtic.  Some  of  those  considered  as  more  peculiarly  British  (British 
type),  are  also  not  uncommon,  as  Trockus  Montagui,  T.miUegranus,  Peeten 
Hgrinus.  Those  of  the  Atlantic  type  are  generally  rare,  the  only  species 
found  in  abundance  being  Cerithiutn  reticulatum,  Mangelia  gracilis,  and 
Psammobia  tellineUa ;  others  being  rare,  as  Ceritkium  adversum,  dree  mt- 
ntma,  Fissurella  reticulata,  JVatica  sordida,  Terebratvla  caput-serpenlis,  &c 
Those  of  the  Boreal  type  are  represented  by  Cyprina  Isiandica,  which  is 
not  uncommon,  and  by  a  few  others  which  are  rare,  as  Cardium  suecicum, 
Crania  anomala,  Leaa  caudate,  Syndosmya  intermedia,  and  Trickotropii 
borealis. 

The  general  conclusion  is,  that  the  Mollusca  recorded  here  belong  mainly 
to  the  European  and  Celtic  types,  with  a  moderate  proportion  of  species  be- 
longing to  the  Atlantic  type,  and  a  very  few  Boreal  forms. 

*  Species  procured  by  toe  dredge  only  are  recorded  here;  littoral  species,  common 
everywhere,  are  not  included. 
}  Forbes  and  HanleyY  British  Molluscs,  vol.  i.  Introduction. 
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Echinodermata  of  Strangford  and  corresponding  part  of  the 
Irish  Channel. 

ComatuU  rosacea.    Abundant  in  various  parts  of  the  Lough  in  10  to  15  fathoms. 

Rare  outside  in  20  fathoms. 
Opkiura  texturata.    Plentiful  in  Lough  and  Channel,  in  10  to  20  fathoms. 

albida.    Less  common  than  the  last,  and  along  with  it. 

Opkiocoma  neglecta.    In  Channel,  25  fathoms,  rare. 

granulata.    Velvety  black.    Common  in  different  parts  of  the  Lough,  10  to 

20  fathoms.    Rare  in  the  Channel. 
belli*.    Abundant  in  20  fathoms*  chiefly  in  upper  part  of  the  Lough,  be- 
tween Kircubbin  and  Killinchy.    Also  in  the  Channel,  but  rare. 

rosula.    Very  common  in  all  parts  of  the  Lough ;  less  so  in  the  Channel. 

Jlliformis.    In  the  Channel,  six  miles  off;  rare. 

Uraster  glacialis.    Occasionally  inside  and  outside  the  Lough,  at  different  depths. 

rubens*         Occasionally  in  the  Lough. 

hispida.       Occasionally  in  the  Lough  and  Channel. 

Solaster  endeca.    In  upper  part  of  the  Lough,  between  Kircubbin  and  Killinchy, 

not  unfrequent. 

papposa.    In  different  parts  of  the  Lough,  but  rare. 

Palmipes  tnembranaceus.    In  upper  part  of  the  Lough,  between  Kircubbin  and  Ard- 

millan;  rare. 
Echinus  sphara.    In  the  greatest  profusion  at  low-water  mark  in  the  lower  part  of 

the  Lough,  also  in  10  to  26  fathoms  everywhere. 

mUiarii.    Abundant  in  the  Lough  and  in  the  Channel,  10  to  25  fathoms* 

Eekmoeyamus  pusiUus.    In  the  Lough  and  outside,  in  15  to  26  fathoms,  rather  rare. 
Spatangus  purpureas.    Occasionally,  between  Ardmillan  and  Kircubbin,  25  fathoms. 

Also  outside  the  Lough,  but  rare. 
Brians  lyrtfer.    A  single  specimen  (very  fine),  in  mud,  seven  miles  outside  Strang* 

ford  Bar,  25  fathoms. 
Amphidotus  cordatus.    Not  uncommon  in  the  Lough,  in  10  to  20  fathoms ;  rare  in 

the  Channel. 

roseus.    Off  Strangford  Bar,  rare,  20  fathoms. 

Cncumariafusiformis.    In  the  Lough,  15  fathoms,  very  rare. 
Ocnus  bruttneus.    In  the  Lough,  10  to  15  fathoms ;  abundant. 

In  addition  to  these,  the  following  are  recorded  in  *  Notes  of  Dredging/  by 
the  late  Mr*  Thompson  and  Mr.  Hyndman : — 

Cribella  otulata.  A  few,  15  to  20  fathoms. 

Thyone  papUlosa.  In  15  to  20  fathoms. 

Cucumaria  Hynlina.  In  15  to  20  fathoms. 

Syritue  Harveii.  In  15  to  20  fathoms. 

Tt/NICATA. 

The  following  list  of  Strangford  species  is  compiled  from  the  results  of 
dredging  by  the  late  Mr.  Thompson  and  Mr.  Hyndman  ;  most  of  them  were 
also  dredged  by  myself  in  June  last  (1857)  s — 

Amdia  menhda.  Abundant,  4-6  fathoms.  Cynthia  microtosmus.  Common,  4-6  fit- 

venosa.       Several,  ditto.  thorns. 

prunvm*      With  the  last.  —  clamdicans.  Rare,  ditto. 

parallelogramma.  On  shells.  mora.  Rare,  ditto* 

scabra.        Several,  4-6  fathoms.  — —  ru&tica.        Common,  ditto. 

canina.        Ditto,        ditto.  Clavellina  lepadiformis.  Not  uncommon. 

orbicularis.  Rare,        ditto.  Botryllus  Schlosseri,  Rare. 

echinata.     Very  rare.  polycyclus.  Common. 

intestinalis.  Not  uncommon.  Leptoclinum  anreum.  Occasionally. 

titreax         Very  rare.  Aplidium  f  allot.  Common. 

Molguh  tutmtosa.  Not  uncommom 
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Crustacea. 

Dredged  by  Mr. Thompson  in  September  1851,  in  4  to  6  fathoms,  near  Ring- 
(Jufferra  and  Ringhaddy  Islands ;  most  of  these  were  also  got  in  June  1857 : — 

Stenorhynckus  phalangium,  Eurynome  aspera.  PorceUana  longiconus. 

Inachus  Dorsettensis.  Portunus  pusillus,  Galathea  squamifera. 

dorynchus.  —  arcuatus.  Hippolyte  variant. 

Hyas  araneus.  Pagurus  Bernhardus. 

Sponges  of  Stranoford  Lough. 
These  were  mostly  all  got  in  one  locality,  upon  oyster  and  scallop  beds, 
in  about  20  fathoms,  near  the  centre  of  the  expanded  part  of  the  Lough, 
between  Killinchy  and  Kircubbin.    These  were  long  since   dredged  by 
Messrs.  Thompson  and  Hyndman,  and  nearly  all  were  found  in  1857 : — 
Tethya  lyncurium.  Hatichondria  hirsuta.  Cliona  ckelata. 

Halichondria  kispida.  suberea.      .  Grantia  laamom. 

fucorum. .  mammillaris,  fistulosa. 

sanguined.  carnosa.  Dysideafragilis. 

macularis. 

Suggestions  far  Statistical  Inquiry  into  the  extent  to  which  Mercantile 
Steam  Transport  Economy  is  affected  by  the  Constructive  Type  of 
Shipping,  as  respects  the  Proportions  of  Length,  Breadth,  and 
Depth.  By  Charles  Atherton,  Chief  Engineer  of  Her  Majesty's 
Dockyard,  Woolwich. 

At  the  Cheltenham  Meeting  of  the  British  Association  in  August  1856,  I 
had  the  honour  to  present  a  paper  on  "  Mercantile  Steam  Transport  Economy." 
The  principal  objects  of  that  paper  were,  in  the  first  place,  to  expose  the 
difficulty  which  attends  all  investigation  and  even  all  discussion  on  maritime 
affairs,  in  consequence  of  the  technical  terms  in  which  shipping,  especially 
steam  shipping,  is  spoken  of,  and  officially  registered  as  respects  the  size  or 
magnitude  of  vessels  and  machinery,  having  no  definite  meaning  expressive 
of  the  capability  of  ships  for  carrying  weight  of  cargo,  or  the  capability  of 
the  machinery  for  the  production  of  working  power ;  and  in  the  second  place, 
after  getting  the  better  of  the  foregoing  difficulty  by  rejecting  the  records  of 
tonnage  and  nominal  horse*  power  as  being  indefinite,  and  basing  my  calcu- 
lations on  load  displacement,  as  expressing  the  actual  magnitude  and  weight 
of  the  mass  propelled  through  the  water,  and  assigning  an  arbitrary  but  defi- 
nite amount  of  working  power  based  on  indicator  measurement  to  the  term 
horse-power,  and  availing  myself  of  maritime  statistics  already  published  as 
to  the  actual  performances  of  vessels,  and  of  the  received  laws  which  are  re- 
cognized as  expressing  the  mutual  relations  of  displacement,  power,  and  speed 
under  definite  conditions  of  practical  application,  I  was  enabled  to  demon- 
strate approximately  the  proportional  increased  rate  of  pecuniary  cost  which 
attends  an  increased  rate  of  speed  at  which  cargo  per  ton  weight  may  be  con- 
veyed by  steam-ships  of  any  definite  size  and  type,  according  to  the  length 
of  passage  and  speed  that  may  be  required :  for  example,  assuming  a  passage 
of  3250  nautical  miles  to  be  performed  by  a  vessel  of  2500  tons  load  dis- 
placement, and  of  which  the  coefficients  of  dynamic  duty  were  assumed  to  be 
known  and  equal,  and  of  a  comparatively  high  order,  the  vessels  respectively 
being  fitted  for  speeds  of  8,  10,  and  12  knots  per  hour,  it  was  shown  that  the 
cost  of  transport  per  ton  weight  at  the  speed  of  12  knots  per  hour  would  be 
about  50  per  cent,  above  the  cost  that  would  be  incurred  by  a  speed  of 
10  knots,  and  about  100  per  cent,  or  double  the  cost  incurred  by  a  speed  of 
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8  knots;  and  if  the  vessels  be  of  a  certain  comparatively  Vfepfer  type-Of  -*  t -.• 
build,  as  indicated  by  a  lower  coefficient,  but  still  of  such  type  ai^4jyj)Blg"J\,  y^  *  V 
employed,  the  rate  of  freight  per  ton  weight  of  cargo  conveyed  at  thf^HTrntr  ^ 

speed  on  the  passage  referred  to,  was  found  to  be  about  double  the  rate  if 
conveyed  at  the  speed  of  10  knots  per  hour,  and  about  three  times  the  rate 
incurred  by  a  speed  of  8  knots  an  hour. 

Applying  this  estimated  difference  of  cost  incurred  by  difference  of  type 
to  the  aggregate  trade  of  the  country,  as  shown  by  the  statistical  returns  of 
the  Customs*  House,  it  was  suggested  that  the  pecuniary  interest  of  the  great 
paymaster  "  the  public,"  is  involved  to  the  extent  of  millions  per  annum, 
simply  by  the  difference  of  type  of  build  and  condition  of  the  ships  and 
engines,  and  administrative  management  by  which  the  foreign  trade  of  the 
country,  as  respects  transport,  may  be  prosecuted.  These  points  of  my 
former  paper  are  now  referred  to  by  way  of  introduction  to  the  following 
paper,  in  which  it  is  purposed  to  continue  the  subject-matter  of  my  former 
dissertation,  by  showing  the  extent  to  which  the  weight-carrying  capability 
of  ships  of  given  tonnage,  whether  rated  by  the  gross  register  tonnage  (new 
measure),  under  the  Merchant  Shipping  Act  of  1854,  or  by  the  tonnage 
builders'  measure  O.M.  (also  commonly  called  "  burden,"  and  still  generally 
in  use,  though  legally  superseded  in  1835),  is  dependent  on  the  relative  pro- 
portions of  length,  breadth,  and  depth  to  which  ships  may  be  constructed ; 
and  it  is  submitted  for  the  consideration  of  the  Association  that  this  point  of 
inquiry  comes  to  be  of  special  importance,  seeing  that  the  tendency  of  the 
present  times  to  build  vessels  of  great  magnitude  as  respects  length  and 
breadth,  whilst  the  load-draught  is  restricted  by  local  circumstances  within 
the  definite  limit  of  the  minimum  depth  of  water  of  the  ports  to  be  fre- 
quented, has  a  direct  tendency  to  involve  a  condition  of  things  as  respects 
proportions  of  build  adverse  to  public  interests,  for  the  public  will  have 
to  bear  the  brunt  of  freight  charges  proportional  to  the  cost  expenses  that 
may  be  incurred  in  the  general  administration  of  shipping  affairs.  We  may 
just  as  well  assert  that  the  public  have  no  interest  in  the  efficiency  of  our 
army  and  navy,  as  that  it  has  no  interest  in  the  efficiency  of  our  commercial 
shipping.  Rates  of  freight  (excepting  on  occasions  of  national  emergency) 
must  be  ruled  in  the  aggregate  by  the  general  average  cost  at  which  the 
general  service  of  mercantile  transport  is  actually  performed,  whether  it  be 
well  or  ill  performed ;  and  the  general  introduction  of  proportions  of  build 
which  can  only  perform  their  service  at  high  rates  of  freight  above  the  prime 
cost  rates  which  would  duly  remunerate  vessels  of  superior  type,  involves 
pecuniary  considerations  that  may  well  form  the  subject  of  special  statistical 
inquiry  to  be  prosecuted  at  the  instance  of  the  British  Association.  The 
application  of  statistical  science  in  connexion  with  shipping  as  a  means  of 
inquiry  into  the  principles  of  Mercantile  Steam  Transport  Economy,  is,  I  may 
say,  a  new  subject  of  inquiry,  to  which  the  British  Association,  and,  I  must 
add,  the  Society  for  the  Promotion  of  Arts,  Manufactures,  and  Commerce, 
have  given  public  vitality.  The  question  of  Maritime  Transport  Economy 
has  a  bearing  on  public  interests  analogous  to  the  operation  of  the  rail  and 
the  telegraph. 

A  further  object  of  this  paper  is,  that  by  means  of  the  following  Table  (A), 
which  has  been  prepared  to  show  the  mutual  relations  which  subsist  in  ships 
of  given  variations  of  build  between  Tonnage  Builders'  Measurement  O.M., 
Gross  Register  Tonnage,  Weight  Tonnage,  or  the  capability  of  ships  to  carry 
weight  of  cargo,  and  the  corresponding  displacement  when  ships  are  loaded 
down  to  a  determinate  load  line ;  and  Table  B,  showing  the  mutual  relations 
of  displacement,  power,  and  speed,  we  may  thus  have  the  means  of  connect- 

1857.  * 
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ing  (that  is,  within  the  limitations  of  the  variations  of  build  referred  to  in 
Tables  A  and  B),  through  the  intermediate  element  "  displacement,'*  the  two 
Tables  A  and  B  thus  establishing  the  mutual  relations  within  the  limits  afore- 
said, between  builders'  tonnage,  gross  register  tonnage,  and  weight  or  cargo 
tonnage,  with  the  power  required  to  attain  a  given  speed,  thus  enabling  us 
to  show  the  bearing  of  proportions  of  build  as  affecting  mercantile  steam 
transport  economy. 

In  the  first  place,  therefore,  before  entering  on  this  exposition!  and  in  con- 
sideration that  persons  generally,  even  amongst  those  who  devote  their  time 
to  popular  and  statistical  studies,  and  to  scientific  pursuits,  and  even  assume 
the  responsibilities  of  legislation  on  shipping,  are  not  familiar  with  the  technical 
meaning  of  the  terms  "  tonnage"  and  "  burden,"  which  are  of  such  frequent 
recurrence  in  discussing  the  properties  of  shipping,  as  compared  with  the 
ordinary  and  unsophisticated  meaning  of  those  words,  and  are  actually  and 
unconsciously  misled  by  those  terms,  when  used  technically  in  shipping  so- 
phistry, having  a  signification  quite  at  variance  with  their  ordinary  meaning, 
I  will  endeavour  to  dbpel  this  mystery  bv  a  few  remarks  in  explanation  of 
the  terms  "  tonnage  "  and  "  burden,"  which,  above  all  other  terms,  are  most 
amenable  to  the  foregoing  singular  imputation,  namely,  that  their  technical 
meaning  is  directly  at  variance  with  the  ordinary  signification  of  the  said 
words :  for  example,  ship's  "tonnage"  is  not  spelt  with  a  u,  "  tunnage,"  and 
we  all  know  that  a  "  ton,"  as  distinguished  from  "  tun,"  popularly  signifies 
2240  lbs.  weight,  or  20  cwt.,  each  cwt.  being  112  lbs.  The  ordinary  accep- 
tation of  the  word  "  ton  "  implies  a  unit  of  weight,  not  of  measure.  Thence 
it  is  popularly  inferred  that  the  "  tonnage  "  of  a  ship  means  the  number  of 
tons  weight  which  constitute  the  proper  load  of  a  ship  ;  but  what  is  a  ships 
tonnage  as  implied  in  the  terms  "  tonnage  O.M.,"  "  tons  burden,"  "  register 
tonnage"  ?  It  has  nothing  whatever  to  do  with  weight.  By  the  old  law,  termed 
"  builders'  measurement  O.M.,"  which,  though  legally  superseded  in  1835,  is 
still  practically  in  use,  and  constitutes  to  this  day  the  rule  which,  even  in 
the  Government  service,  generally  regulates  the  builder's  contract  price  of 
.  shipping,  the  measurement  of  this  tonnage  is  regulated  by  the  length  of  the 
ship  and  its  breadth  only,  taking  no  cognizance  of  depth.  It  has  nothing 
whatever  to  do  with  the  load-draught  of  water  for  which  a  ship  may  be 
constructed.  Provided  that  the  length  and  breadth  of  two  ships  be  the 
same,  the  builders'  tonnage  O.M.  will  be  the  same,  though  the  load-draught 
of  one  ship  be  SO  feet  and  of  the  other  only  3.  This  same  tonnage,  builders' 
measure  O.M.,  is  also  frequently  called  by  the  equally  delusive  term  "burden," 
though,  as  above  shown,  it  has  nothing  to  do  with  burden  ;  for  example,  in 
shipping  advertisements  we  see  daily  that  "  tons  burden  "  is  a  designation  by 
which  ships  are  commonly  advertised.  It  is  true  that  Parliament  abolished 
that  law  of  tonnage,  builders'  measurement  O.M.,  or  the  so-called  "  burden," 
in  1835,  but  nevertheless  the  Government  have  continued  to  uphold  the 
rule  (builders'  measurement)  as  the  base  of  their  ship-building  contracts,  and 
ships,  as  respects  their  comparative  size,  are  still  only  known  to  the  world 
generally  by  their  so-called  tonnage  or  tons  burden,  or  builders'  measure- 
ment O.M.  No  steps  having  been  taken  by  the  Government  to  discontinue 
and  forbid  the  use  and  adoption  of  the  old  law  of  measurement,  though 
repudiated  by  statute  in  1835,  it  has  continued  to  prevail,  and  merchants, 
following  the  example  of  the  Government,  make  it  the  general  base  of  build- 
ing contracts  to  the  present  day. 

It  is  therefore  submitted  for  the  consideration  of  the  British  Association, 
that  the  statute  abolition  of  touuage  builders'  measurement  0,M„  also  called 
"  burden,"  ought  not  to  be  permitted  to  lie  dormant    It  should  be  expressly 
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decreed  that  the  said  builders'  measurement  O.M.  is  not  legally  binding  in 
any  contract,  either  for  the  building,  or  freighting,  or  chartering  of  ships,  and 
that  the  definition  and  measurement  of  "  tonnage  "  shall  be  in  accordance 
with  the  existing  law,  viz.  the  Merchant  Shipping  Act  of  1854,  subject  to 
such  amendments  thereof  and  additions  thereto  as  may  be  found  necessary 
to  render  the  Act  complete  for  all  the  purposes  of  shipping  registration. 

And  now,  what  is  tonnage  registration  under  the  new  law — the  Merchant 
Shipping  Act  of  1854?  To  begin  with:  vessels  constructed  previously  to 
1854  are  permitted,  at  the  option  of  their  owners,  to  retain  their  former  ton- 
nage or  be  measured  under  the  new  law,  and  be  registered  accordingly,  and 
the  statistics  or  Parliamentary  returns  of  shipping  do  not  show  to  what  extent 
this  privilege,  of  optionally  withholding  the  former  registration,  has  been 
acted  upon  ;  so  that  our  present  registration  under  the  new  law,  the  Act  of 
1854,  is  a  mixed  registration,  and  we  do  not  know  the  ingredients  thereof  or 
their  proportion  ;  but  the  measurement  under  the  new  law  of  all  ships  built 
since  May  1855,  is  an  internal  measurement,  no  notice  whatever  being  taken 
of  external  measurement,  or  of  the  light  draught  line  or  constructor's  load 
line,  or  any  limitation  thereof  assigned  by  reference  to  "  freeboard  ; "  and 
consequently  tonnage  under  the  new  law,  the  Act  of  1854,  does  not  give 
the  weight-carrying  capability  of  ships,  nor  any  comparison  thereof,  ifordlf- 
ferent  types  of  form,  and  of  different  build  as  respects  the  weight  of  the 
materials  employed  ;  but  if  the  law  does  not  give  the  weight-carrying  capa- 
bility of  the  ship,  the  question  is — what  does  it  give  ?  It  gives  an  admis- 
sibly correct  measurement  of  the  internal  capacity  of  ships,  but  calls  this 
capacity  "  tonnage,"  giving  a  new  signification  to  the  word  ton ;  for  each 
100  cubic  feet  of  this  internal  space  of  the  ship  available  for  holding  cargo 
is  called  a  ton  of  tonnage.  Tonnage  is  therefore  a  mere  measurement  of 
space,  not  of  weight.  Then,  again,  as  regards  cargo,  even  a  ton  of  cargo  is 
not  always  rated  as  20  cwts.  The  freight  of  goods  is  charged  either  by 
measurement  or  by  weight,  and  the  same  word  "  ton"  is  applied  in  all  cases ; 
100  cubic  feet  constitute  a  ton  of  shipping ;  40  cubic  feet  of  some  kinds  of 
goods,  and  50  feet  of  others,  constitute  a  ton  of  measurement  goods ;  and 
cargo  is  rated  accordingly  for  freight,  provided  the  said  measure  do  not 
weigh  a  ton.  100  cubic  feet  of  light  goods  may  therefore  be  stowed  in 
1  ton  of  shipping,  and  be  rated  for  freight  at  2£  tons ;  that  is,  a  ship  of 
1000  tons  register  tonnage  may  be  expected  to  stow  2500  tons  of  measure- 
ment cargo,  or,  better  still,  1000  tons  weight  of  heavy  goods,  and  fill  up  with 
2000  tons  measurement  of  light  cargo,  and  thus  go  to  sea  with  this  S000  tons 
of  freight,  no  limitation  being  assigned  to  draught  Such  are  the  anomalies 
of  tonnage,  and  yet  we  talk  of  statistics  based  on  tonnage ;  and  what  is  the 
consequence  of  this  abuse  of  the  word  "  ton  "  ?  Why,  in  times  of  war,  our 
tonnage  registration  of  shipping  not  only  affords  no  reliable  data,  but  actually 
deceives  as  to  the  capabilities  of  vessels  for  carrying  ordnance  and  such 
like  heavy  military  stores.  Experience  of  the  past  three  years  has  abun- 
dantly shown  how  great  would  be  the  advantage  to  the  public  if,  in  times  of 
war  and  emergency,  when  there  is  no  time  for  the  readmeasureinent  of 
shipping,  and  when  shipping  must  be  chartered  or  purchased  at  any  price, 
our  registration  of  shipping  were  available,  like  a  tabular  ready-reckoner,  for 
giving  the  Government  a  correct  idea  of  the  capability  of  every  ship  for 
conveying  weight  of  cargo,  in  addition  to  the  present  registration  of  capa- 
city for  holding  cargo,  and  consequently  a  comprehensive  view  of  the  value 
of  ships  for  military  transport  service  embracing  both  weight  and  roomage* 

The  statistical  insufficiency  of  the  present  system  of  shipping  registration 
M  *  record  of  the  capability  of  ships,  is  shown  by  the  following  Table  (A)  :— 
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Id  tliis  Table  it  will  be  observed  that  the  twelve  vessels,  A,  B,  C,  &c 
to  M,  are  all  of  the  same  builders'  tonnage  O.M.,  namely  1000  tons;  that 
we  have  three  vessels  (A,  B,  C)  whose  length  is  four  times  the  breadth  of 
beam;  three  vessels  (D,  E,  F)  whose  length  is  six  times  the  breadth  ;  three 
vessels  (G,  H,  I)  whose  length  is  eight  times  the  breadth ;  and  three  vessels 
(K,  L,  M)  whose  length  is  ten  times  the  breadth  ;  and  that,  in  each  set  of 
three  vessels,  the  load-draught  of  water  is  taken  at  two-thirds  of  the  breadth, 
half  the  breadth,  and  one-third  of  the  breadth ;  so  that  in  this  Table  we  have 
a  gradation  of  proportions,  the  length  varying  from  four  times  to  ten  times 
the  breadth,  and  the  load-draught  varying  from  two-thirds  to  one-third  of 
the  breadth,  which  limits  embrace  nearly  all  the  proportions  of  shipping  in 
mercantile  use.  The  arbitrary  elements  of  construction  on  which  the  calcu- 
lations (Table  A)  have  been  prosecuted,  are  explained  in  the  various  head- 
ings. It  will  be  observed  that  the  freeboard  (column  5),  or  non-immersed 
depth  above  the  load-draught  line,  has  in  each  case  been  taken  at  one- 
fortieth  of  the  length,  plus  one-twelfth  of  the  breadth  of  beam.  There  is  no 
recognized  rule  for  the  determination  of  this  element.  Constructors  of  ship- 
ping  follow  their  own  rules  or  their  own  caprice  in  determining  freeboard,  or 
the  position  of  the  construction  load-line.  The  above  combined  proportions 
of  length  and  breadth  have  been  adopted,  as  giving  a  progression,  which,  it 
is  believed,  will  meet  the  ordinary  allowance  of  freeboard  at  which  loaded 
ships  of  all  sizes  are  sent  to  sea.  The  various  elements  of  construction 
(columns  7  to  16)  are  believed  to  be  closely  approximate  to  ordinary  prac- 
tice ;  and  the  ratios  of  nominal  tonnage  to  actual  weight-carrying  capability, 
shown  in  columns  17  to  20,  are  therefore  approximately  such  as  would  result 
from  the  ordinary  build  of  shipping. 

Now,  on  comparing  the  ratios  which  result  from  the  constructive  propor- 
tions of  the  ships  A,  B,  C,  &c.,  M,  we  have  the  following  results  : — 1st,  it  ap- 
pears (see  columns  17  to  20),  that,  taking  builders'  tonnage  at  100,  the  ratio 
of  register  tonnage  varies  from  85  to  51  in  ships  (A,  B,  C)  of  which  the 
length  is  four  times  the  beam,  and  from  94  to  63  in  ships  (K,  L,  M)  of  which 
the  length  is  ten  times  the  beam ;  that  is,  taking  the  extreme  cases  embraced 
within  the  limits  of  this  Table,  a  ship  of  type  K  will  have  a  register  tonnage 
of  94?  tons  for  every  100  tons  builders'  measure ;  but  a  ship  of  type  C  will 
have  only  51  tons  register  for  each  100  tons  builders'  measure.  It  also  ap- 
pears (see  columns  17  and  19),  with  reference  to  builders'  tonnage  O.M., 
taken  at  100,  that  the  capability  for  carrying  weight  fluctuates  from  1S1  tons 
weight  down  to  33  tons  weight  per  100  tons  of  builders'  measure  O.M.,  or  a 
ship  of  1000  tons  builders'  tonnage  of  the  type  A  will  have  four  times  the 
weight-carrying  capability  that  is  afforded  by  a  ship  of  1000  tons  builders' 
tonnage  of  the  type  M. 

With  reference  to  register  tonnage  (gross),  new  measure,  under  the  Act  of 
1854,  taken  at  100,  it  appears  (see  columns  21  and  23)  that  the  capability 
for  carrying  weight  varies  from  177  tons  down  to  52  tons  per  100  tons  of 
register  tonnage;  or  a  ship  of  1000  tons  gross  register  tonnage  of  the  type 
A  will  have  nearly  3£  times  the  weight-carrying  capability  that  is  afforded 
by  a  ship  of  1000  tons  gross  register  tonnage  of  the  type  M. 

With  reference  to  weight  tonnage,  or  the  capability  of  ships  to  carry 
weight,  it  appears  (see  columns  25,  26,  27)  that,  with  the  proportions  of 
ship  A,  each  100  tons  of  weight- carrying  capability  will  require  a  vessel  of 
76  tons  builders'  measure  O.M.,  or  65  tons  gross  register  tonnage ;  but 
with  the  proportions  of  ship  M,  each  100  tons  of  weight-carrying  capability 
will  require  a  vessel  of  303  tons  builders'  measure  O.M.,  or  191  tons  gross 
register  tonnage. 
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With  reference  to  the  mutual  relation  of  the  load  displacement  and  Weight 
tonnage,  it  appears  (see  columns  29  and  32)  that  with  the  proportions  of 
ship  A,  each  100  tons  of  load  displacement  will  give  57  tons  of  weight 
tonnage,  but  with  the  proportions  of  ship  M,  each  100  tons  of  load  displace- 
ment will  give  only  29  tons  of  weight  tonnage ;  that  is,  a  ship  of  1000  tons 
load  displacement,  on  the  type  of  ship  A,  will  carry  double  the  weight  that 
would  be  carried  by  1000  tons  of  displacement  on  the  type  of  ship  M. 

It  might  possibly  be  objected  that  the  foregoing  variations,  which  have  all 
been  calculated  with  reference  to  ships  of  1000 tons  builders'  measure  O.M.,are 
not  applicable  to  vessels  of  a  different  magnitude ;  therefore,  to  test  the  validity 
or  otherwise  of  this  remark,  the  same  constructive  elements  have  been  applied 
to  a  ship  X  of  20,939  tons  builders'  measure  O.M.,  and  25,000  tons  load 
displacement,  the  length  of  this  ship  X  being  b!x  times  the  beam,  and  the 
load-draught  one- third  of  the  beam,  this  type  or  proportion  being  the  same 
as  that  of  ship  F.  On  comparison  of  the  ships  X  and  F  (see  columns  29, 
30,  31  and  32),  it  will  be  found  that  the  ratios  of  builders'  tonnage,  register 
tonnage,  weight  tonnage,  and  load  displacement,  are  closely  similar  through* 
out:  for  example,  in  ship  F,  each  100  tons  load  displacement  gives  42  tons 
of  weight  tonnage,  but  in  ship  X  each  100  tons  of  load  displacement  gives 
39  tons  of  weight  tonnage.  Hence  we  may  infer  that  the  results  of  these 
calculations,  showing  the  extent  to  which  the  weight-carryidg  capabilities  of 
ships  is  irrespective  of  the  nominal  tonnage,  whether  it  be  builders'  tonnage 
O.M.,  or  gross  register  tonnage  N.M.,  and  is  approximately  dependent  od 
the  constructor's  proportions  of  build,  admit  of  general  application  to  vessels 
of  all  sizes  of  the  types  referred  to  in  Table  A.  Surely  the  above  exposition 
is  sufficient  to  establish  the  necessity  of  some  legislative  enactment  under 
which  builders'  tonnage  O.M.,  and  register  tonnage  N.M.,  should  not  be 
permitted  to  co-exist  as  recognized  measurements  of  the  mercantile  capa- 
bilities of  shipping.  Under  existing  circumstances,  it  is  respectfully  sub- 
milted  for  the  consideration  of  the  British  Association,  that  a  clause  be  in- 
troduced into  the  Merchant  Shipping  Act,  that  the  only  legal  signification 
of  the  word  "  tonnage  "  shall  be  the  measurement  prescribed  by  the  said  Act, 
and  that  no  other  signification  of  that  term  shall  be  legally  binding  in  com- 
mercial transactions.  Also,  that  the  capability  of  ships  for  carrying  weight, 
as  measured  with  reference  to  some  determinate  freeboard,  be  made  an  item 
of  registration. 

The  ratios  above  set  forth,  as  expressing  the  weight-carrying  capability 
of  ships,  include  the  whole  weight  available  for  engines,  boilers,  coal,  con- 
sumable stores,  and  cargo ;  so  that,  as  applied  to  steam-ships,  these  ratios,  as 
respects  weight-tonnage  for  cargo  chargeable  for  freight,  assume  a  new  phase 
of  great  importance  as  affecting  mercantile  steam  transport  economy  j  and, 
for  the  purpose  of  inquiring  into  the  modification  thus  introduced,  the  fol- 
lowing Table  B  has  been  calculated,  showing  the  mutual  relations  of  dis- 
placement, power,  and  speed,  for  vessels  up  to  25,000  tons  load  displacement, 
the  speed  varying  from  6  knots  up  to  25  knots  per  hour. 

The  element  "Load  Displacement"  being  common  to  both  Tables  A 
and  B,  we  have,  by  the  aid  of  these  Tables  combined,  the  means  of  showing 
the  mutual  relations  between  builders'  tonnage  CM.,  gross  register  tonnage 
N.M.,  weight-tonnage,  load  displacement,  speed,  and  power  of  all  vessels 
within  the  limits  of  the  types  or  proportions  of  build  referred  to  in  Table  A, 
and  thus  showing  to  what  an  extent  mercantile  transport  economy  by  steam 
is  affected  by  the  proportions  of  length,  breadth,  and  depth  to  which  steam- 
ships may  be  built.  For  example :  let  us  compare  a  ship  of  the  type  D, 
namely,  length  six  times  the  beam,  and  load-draught  two-thirds  the  beajn> 
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having  weight-carrying  capability  or  weight-tonnage  of  2000  tons,  with  a  ship 
of  the  same  capability  for  carrying  weight,  but  of  the  type  I,  namely,  length 
eight  times  the  beam,  and  load-draught  one-third  the  beam.  By  Table  A 
(columns  25,  26,  27  and  28),  it  appears  that  the  ship  of  type  D,  of  2000 
tons  weight  tonnage,  will  be  1680  tons  builders*  tonnage  O.M.,  1400  tons 
gross  register  tonnage  N.M.,  and  3680  tons  load -displacement ;  and  by  Table 
B,  it  appears  that  950  ind.  h.p.  would  propel  this  ship  at  the  speed  of  10  knots 
•  per  hour ;  the  consumption  of  coal  at  the  rate  of  3£  lbs.  per  indicated  horse- 
power per  hour,  would  be  SO  cwts.  per  hour ;  and  supposing  the  engines, 
boilers,  &c  to  weigh  one  ton  weight  per  five  ind.  h.p.,  the  weight  of  these 
will  be  184  tons;  this  ship  may  therefore  be  expected,  on  the  data  of  the 
said  Tables,  to  make  a  passage  of  3500  nautical  miles  in  350  hours,  consu- 
ming 525  tons  of  coal,  and  carrying  1291  tons  weight  of  freight  cargo.  But 
what  would  be  the  case  with  the  vessel  of  2000  tons  weight  tonnage  of  type 
I?  It  appears  that  the  builders'  tonnage  O.M.  would  be  5120  tons,  the  re- 
gister tonnage  N.M.  2720  tons,  and  the  load-displacement  5480  tons ;  and  by 
Table  B,  it  appears  that  to  propel  this  vessel  at  10  knots  per  hour  would 
require  1240  ind.  h.p.,  these  engines  weighing  248  tons,  and  the  consump- 
tion of  coals  39  cwts.  per  hour ;  so  that,  on  the  data  of  the  said  Tables,  this 
6hip  on  the  type  Lmay  be  expected  to  make  the  passage  of  3500  nautical 
miles  in  350  hours,  consuming  682  tons  of  coal,  but  carrying  only  1070  tons 
of  freight  cargo.  Hence  it  appears  that  with  vessels  of  type  D,  we  have  ex- 
penses proportional  to  1400  tons  register  N.M.,  and  950  ind.  h.p.,  with  in- 
come proportional  to  1291  tons  weight  of  freight ;  while  with  the  ship  of  type 
I  we  have  expense  proportional  to  2720  tons  register  N.M.,  and  1240  ind. 
h.p.,  with  income  proportional  to  only  1070  tons  weight  of  freight;  that  is, 
the  comparative  prime  cost  expenses  of  transport  in  these  two  cases  (assu- 
ming the  cost  incidental  to  one  ind.  h.p.  to  be  equal  to  that  of  one  ton  of  gross 
register  tonnage)  will  be  in  the  proportion  of 

14QQ  +  950  _  2720  +  1240  „ 

1291        -1"10         1070        -370* 

or  in  the  proportion  of  1  to  2.  Such  is  the  effect  of  mere  difference  of  pro- 
portion or  type  of  build  on  mercantile  steam  transport  economy.  This 
example  of  a  difference  or  extra  cost  of  100  per  cent,  on  the  prime  cost  rates 
of  freight  per  ton  weight  of  cargo  conveyed  on  the  same  passage,  and  at  the 
same  rate  of  speed,  is  evidently  occasioned  by  the  load-draught  of  water  being 
two-thirds  of  the  beam  in  one  case,  that  of  the  vessel  D,  and  only  one-third 
of  the  beam  in  the  other  case,  that  of  the  vessel  I ;  and  yet  we  see  that  the 
type  or  proportion  of  small  load-draught  in  proportion  to  beam  is  a  type  or 
proportion  of  build,  towards  which  the  progressive  increase  in  the  size  of 
shipping  is  gradually  leading  mercantile  practice,  as  exemplified  in  the  most 
extraordinary  maritime  enterprise  of  the  present  day,  the  '  Great  Eastern.' 

The  mechanical  advantage  which  attends  progressive  increase  of  size  as 
measured  by  load  displacement,  is  conspicuously  shown  by  Table  B,  whereby 
we  observe  that  a  vessel  of  250  tons  displacement  requires  274  ind.  h.p.  to 
attain  the  speed  of  12  knots  per  hour,  being  very  nearly  in  the  ratio  of  one 
ton  displacement  to  one  h.p.;  but,  if  the  ship  be  2000  tons,  the  ratio  of  dis- 
placement to  power  to  attain  the  same  speed  (12  knots)  will  be  2  to  1 ;  with 
a  ship  of  9000  tons  it  will  be  3  to  1  ;  and  with  a  ship  of  20,000  tons  it  will 
be  4  to  1 .  Hence  a  ship  of  the  reputed  size  of  the '  Great  Eastern,'  viz.  about 
25,000  tons  load  displacement,  will  require  proportionally  only  about  ooe- 
fourth  of  the  power  to  attain  a  given  speed  that  would  be  required  by  a  ship 
of  500  tons  displacement.    Hence  the  great  advantage  of  size,  provided  the 
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ship  be  of  good  type  and  can  be  always  fully  loaded;  but  seeing  that  load- 
draught  is  limited  by  local  circumstances  and  other  considerations  which  may 
not  limit  the  length  and  breadth,  it  becomes  a  matter  of  calculation  to  deter- 
mine at  what  point  the  admitted  advantages  of  size  become  neutralized  with 
reference  to  any  particular  service  by  the  limitation  of  load-draught  in  pro- 
portion to  beam.  Let  us  have  all  the  advantages  we  can  get,  without  running 
into  extremes,  by  which  those  advantages  become  sacrificed. 

Are  not  public  interests  involved  in  this  matter,  and  is  it  not  a  matter  of 
grave  importance,  meriting  the  attention  of  the  British  Association  ?  I  beg 
to  conclude  with  the  suggestion,  that  it  is  only  by  statistics  that  the  deficiencies 
of  our  present  maritime  system  cau  be  properly  searched  into  and  brought 
to  light ;  and  it  is  only  by  the  force  of  statistical  exposition  that  the  re- 
quired remedies  can  be  devised.  It  is  therefore  respectfully  submitted,  that 
the  constructive  type  of  shipping  as  respects  the  proportions  of  length,  breadth, 
and  depth,  constitutes  a  subject  of  inquiry  which  merits  the  notice  of  the 
Statistical  Section  of  the  British  Association* 


Further  Report  on  the  Vitality  of  the  Spongiadce. 
By  J.  8.  Bo webb an k,  LL.D.,  F.R.S.  $c. 

[With  a  Plate.] 

In  the  Report  on  the  Vitality  of  the  Spongiadse  which  I  had  the  honour  of 
reading  to  the  Association  at  Cheltenham  last  year,  I  detailed  a  series  of  ob- 
servations on  the  inhalation  through  the  pores  and  the  exhalation  of  water 
through  the  oscula  of  a  marine  British  sponge,  Hymeniacidon  caruncula, 
Bowerbank,  MS.,  and  I  was  enabled  to  determine  with  certainty  the  capa- 
bility which  that  sponge  possesses  of  opening  and  closing  the  oscula  at  its 
pleasure ;  but  I  could  not  in  that  series  of  observations  satisfactorily  deter- 
mine the  nature  and  powers  of  the  imbibing  pores,  as  these  organs  can  only 
be  seen  distinctly  in  operation  in  very  young  and  transparent  specimens.  I 
therefore  determined  to  confine  my  researches  on  this  subject  more  especially 
to  Spongillajiuviatilis,  specimens  of  which  may  readily  be  obtained  of  small 
size  and  under  very  favourable  circumstances  for  the  observation  of  the 
porous  system.  On  the  13th  October,  1856,  my  friend  Mr.  H.  Gilbertson, 
of  Hertford,  brought  me  several  young  specimens  of  this  species,  one  of  which 
had  attached  itself  to  a  watch-glass,  in  which  it  had  been  kept  for  observation. 
The  point  of  attachment  was  a  thin  membrane  projected  from  the  edge  of  the 
sponge  (a,  fig.  1,  Plate  I.),  having  in  it  a  few  single  spicula  irregularly  dis- 
posed, and  with  very  little  appearance  of  sarcode  upon  it ;  and  above  the  thin 
attached  membrane  there  was  a  second  one,  which  was  a  prolongation  of  the 
upper  surface  of  the  sponge.  The  body  of  the  sponge  was  thin,  concave  at 
the  upper  and  convex  at  the  lower  free  surface.  It  was  nearly  circular  in 
its  outline,  and  rather  exceeded  half  an  inch  in  diameter.  Atone  portion  of 
the  margin  it  had  been  recently  extending  its  dimensions,  and  the  space  in- 
tervening between  the  old  surface  and  the  new  one  had  the  appearance  of 
being  one  large  cavity,  the  new  dermal  membrane  being  forced  outward  and 
supported  from  the  points  of  the  radial  lines  of  the  spicula  of  the  newly 
produced  portion  of  the  skeleton,  the  outer  surface  of  the  membrane  curving 
inward,  from  point  to  point,  in  a  manner  that  plainly  indicated  the  forcible. 
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Sressure  outward  of  the  newly-formed  radial  lines  of  the  skeleton.  At  A  short 
(stance  within  the  margin,  and  in  the  neighbourhood  of  the  newly-produced 
portion  of  the  sponge  (o,  fig.  1),  there  was  a  single  osculum  situated  on  a 
large  oval  bladder-shaped  projection  of  the  dermal  membrane,  which  varied 
considerably  in  its  form  according  as  the  sponge  was  inert  or  in  action. 
When  in  the  former  state  it  was  frequently  in  a  semi-collapsed  condition, 
the  apex  being  considerably  attenuated,  so  that  the  whole  assumed  an  ovate 
form,  the  smaller  end  being  the  distal  one,  and  in  that  condition  not  the 
slightest  orifice  was  visible,  the  osculum  being  entirely  closed,  and  what  was 
Very  remarkable,  its  place  was  not  even  indicated  by  an  apparent  thickening 
or  corrugation  of  the  membrane.  On  the  contrary,  when  in  action  the  blad- 
der-shaped projection  was  dilated  at  the  apex  so  as  to  cause  it  to  assume  a 
regular  oval  form,  and  the  osculum  was  apparent  in  the  form  of  a  large  cir- 
cular orifice,  about  one-fourth  the  size  of  the  diameter  of  the  bladder-like 
portion  on  which  it  was  situated  (fig.  2).  From  this  orifice  a  powerful 
stream  of  water  was  continuously  ejected,  and  large  and  small  patches  of 
faecal  matter  were  frequently  thrown  out  with  considerable  force. 

When  a  small  portion  of  pure  indigo  was  rubbed  up  in  water,  and  a 
drop  or  two  of  the  water  laden  with  this  substance  was  mixed  with  that  in 
the  watch-glass,  and  it  was  placed  beneath  the  microscope  with  a  power  of 
ISO  linear,  and  a  strong  light  passed  through  it  from  a  concave  mirror, 
at  first  no  action  was  apparent,  the  osculum  was  in  a  Completely  closed 
condition,  and  although  I  searched  the  surface  of  the  newly -formed  portion 
of  the  sponge  with  the  greatest  care  and  attention,  I  could  not  detect  a  single 
open  pore.  In  rather  more  than  half  an  hour  I  found  one  open,  and  in  a 
short  period  others  gradually  and  successively  made  their  appearance,  until 
at  last)  in  one  of  the  spaces  between  two  of  the  radial  lines  of  the  skeleton,  I 
readily  counted  as  many  as  10  in  a  fully  expanded  and  active  condition,  and 
in  other  similar  spaces  they  were  apparent  in  considerable  numbers.  The 
action  presented  to  the  eye  was  exceedingly  interesting.  The  molecules  of 
indigo  approached  the  surface  of  the  sponge  at  first  slowly,  their  motion 
being  gradually  accelerated  as  they  became  nearer,  until  at  last  they  sprung 
as  it  were  with  avidity  into  the  pores ;  within  the  sponge  some  passed  to  the 
right  hand,  while  others  took  their  course  to  the  left,  and  they  often  passed 
other  molecules  which  had  entered  by  other  pores,  and  which  were  passing 
in  a  contrary  direction.  Many  of  these  molecules  might  be  readily  followed, 
as  they  meandered  through  the  interior  of  the  sponge,  and  might  be  seen 
flowing  in  every  direction.  During  the  maintenance  of  this  action  in  full 
force,  when  I  directed  my  observations  to  the  osculum,  it  was  seen  pouring 
forth  a  continuous  stream  of  water  and  along  with  it  masses  of  flocculeot 
matter,  and  many  of  the  larger  molecules  of  the  indigo  that  had  entered  by 
the  pores ;  but  it  is  remarkable  that  although  the  finer  molecules  of  indigo 
were  being  imbibed  by  the  pores  iu  very  considerable  numbers,  very  few 
indeed  of  them  were  ejected  from  the  osculum  j  and  if  the  imbibition  of  the 
molecules  continue  for  half  an  hour  or  an  hour,  and  then  cease,  the  sponge 
is  seen  to  be  very  strongly  tinted  with  the  blue  colour  of  the  indigo,  and  it 
remains  so  for  at  least  12  or  18  hours,  after  which  period  it  resumes  iu  ori- 
ginal pellucid  appearance,  the  whole  of  the  imbibed  molecules  having  under- 
gone digestion  in  the  sarcode  lining,  the  interior  of  the  sponge  and  the  effete 
matter  having  been  ejected  through  the  osculum.  After  having  watched 
the  active  operations  of  the  sponge  for  nearly  an  hour,  I  set  to  work  to  sketch 
the  field  of  view  in  the  microscope,  in  order  to  mark  the  position  of  the 
pores;  but  by  the  time  the  outline  of  the  sketch  was  completed,  about  half 
as  hour,  the  action  had  ceased,  the  pores  were  entirely  closed,  and  ay  further 
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proceeding*,  a*  regarded  their  delineation,  were  deferred  to  a  more  favourable 
opportunity. 

On  the  14th  the  sponge  was  in  a  quiescent  state,  and  strongly  tinted  by 
the  indigo  imbibed  on  the  previous  evening. 

15th  October. — I  examined  the  Spongilla  at  |  past  10  A.m.  ;  there  was  no 
action  to  be  detected,  and  a  considerable  tint  of  colour  was  still  visible :  at 
9  p.m.  1  placed  it  under  the  microscope ;  it  was  then  free  from  colour  and 
in  full  action.  The  tube  bearing  the  osculum  was  very  different  in  form 
from  what  it  was  on  the  evening  of  October  the  13th,  when  at  11  p.m.  it 
was  in  form  and  proportions  like  an  olive  (fig.  2) ;  at  9  p.m.,  on  the  15th,  it 
was  in  form  and  proportions  like  the  last  two  joints  of  a  man's  finger,  slightly 
bent  at  the  last  joint  (fig.  S).  At  10*30  of  the  same  evening,  when  the 
action  had  grown  very  languid,  the  basal  portion  was  very  much  expanded, 
and  the  whole  assumed  the  form  of  a  cone,  the  apical  portion  of  which  had 
fallen  over  on  one  side,  and  the  excurrent  stream  was  directed  towards  the 
body  of  the  sponge  at  an  angle  of  about  45  degrees  to  its  plane  (fig.  4) ;  it 
is  evident,  therefore,  that  this  organ  assumes  a  great  variety  of  forms. 

At  9  p.m.,  when  I  commenced  my  observations,  the  portion  under  exa- 
mination was  crowded  with  pores  in  a  fully  expanded  condition,  and  I  imme- 
diately mixed  a  drop  of  water  charged  with  indigo,  with  that  in  the  watch* 
glass,  and  the  imbibition  of  the  molecules  continued  steadily  until  10*90  p.m., 
when  it  suddenly  became  very  languid ;  at  this  period  1  directed  my  atten- 
tion for  a  few  moments  to  the  osculum,  and  on  again  returning  to  the  obser- 
vation of  the  pores,  I  found  nearly  the  whole  of  them  completely  closed.  I 
examined  some  of  the  largest  of  the  pores  with  the  utmost  care  for  more  than 
an  hour  with  a  power  of  260  linear,  but  I  could  not  detect  cilia  either  at  the 
margins  or  within  the  entrance.  When  the  incurrent  action  became  rather 
languid,  I  observed  that  the  molecules  within  the  sponge  were  performing  a 
sort  of  cyclose  circulation,  frequently  rising  up  and  passing  across  the  open 
pores,  but  never  coming  out  through  them ;  but  while  this  action  was  going 
forward,  now  and  then  a  molecule  of  indigo  would  pass  languidly  into  the 
pore.  It  would  seem,  therefore,  to  indicate  that  the  organs  of  incurrent 
action  were  situated,  as  I  have  long  suspected,  within  the  large  intermarginal 
cavities,  as  in  GrarUia  ciliata,  and  not  immediately  around  or  within  the 
pores. 

During  the  continuance  of  vigorous  incurrent  action,  the  water  charged 
with  indigo  is  in  continual  motion,  flowing  from  all  quarters  towards  the 
open  pores ;  many  of  the  molecules  come  in  contact  with  the  portions  of  the 
skeleton  projected  through  the  dermal  membrane,  and  wherever  they  touch, 
they  adhere  tenaciously  to  the  adhesive  matter  coating  those  parts,  in  the 
same  manner  as  they  do  to  the  sarcodous  membranes  within  the  sponge ;  but 
the  same  results  do  not  seem  to  follow  with  those  without,  that  occur  with 
those  within.  On  the  evening  of  the  15th,  when  I  terminated  my  observations, 
Heft  the  sponge  with  an  abundance  of  molecules  attached  to  the  internal 
tissues,  and  a  considerable  quantity  of  similar  molecules  fixed  to  the  external 
fasciculi.  On  examining  the  same  sponge  at  11  a.m.  on  the  16th,  I  found 
the  external  tissues  with  the  molecules  still  adhering  in  considerable  quan- 
tities, but  the  internal  ones  were  perfectly  free  from  the  coloured  particles. 
The  excurrent  tube  still  retained  much  the  same  form  that  it  had  on  the 
termination  of  my  observations  on  the  previous  evening,  but  it  was  in  a  more 
collapsed  condition,  and  instead  of  the  osculum  being  a  well-defined  circular 
orifice,  it  had  assumed  a  much  smaller  and  more  irregular  shape,  and  was 
potted  oat  from  the  end  of  the  excurrent  tube  in  the  form  of  a  loose  hemi- 
tpherical  appendage  to  its  apex,  from  which  a  molecule  now  and  then  came 
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languidly  forth  (fig.  5).  On  examining  the  pores  I  could  not  find  a  single 
one  open. 

I  again  examined  the  same  spouge  at  8  p.m.  of  the  1 6th  October.  The 
cxcurrent  tube  bearing  the  osculum  was  nearly  erect  (fig.  6),  and  the  stream 
was  slowly  pouring  forth.  I  examined  the  usual  part  for  the  pores,  and  found 
very  few  that  were  in  a  slight  degree  opened.  I  then  directed  my  attention 
to  the  thin  stratum  by  which  the  sponge  was  attached  to  the  watch-glass. 
Hitherto  I  had  not  detected  any  pores  in  that  part  of  the  sponge,  but  this 
evening  I  saw  several  which  were  open,  and  into  which  the  floating  mole- 
cules were  steadily  entering.  I  selected  one  spot  for  observation,  where 
there  were  several  pores  indistinctly  visible :  in  about  5  minutes  they  became 
very  much  more  distinct,  fully  expanded,  and  the  margins  assumed  a  thick- 
ened and  well-defined  outline;  others  made  their  appearance,  and  at  last 
fourteen  were  in  a  fully  expanded  and  active  state  (fig.  8).  I  immediately 
put  a  drop  of  water  charged  with  indigo  over  the  pores ;  the  molecules  were 
absorbed  with  great  rapidity,  and  the  rush  of  the  indigo  to  the  pores  became 
so  great  that  its  accumulation  rendered  the  sight  of  them  indistinct,  and  to 
clear  the  6ponge  from  the  indigo  I  sent  a  puff  of  air  from  my  mouth  on  to 
the  surface  of  the  water  in  the  watch-glass,  but  doing  this  rather  too  roughly, 
I  turned  the  sponge  over  on  its  flexible  base,  as  it  were  on  a  hinge ;  I  there- 
fore removed  it  and  placed  it  in  a  basin  of  fresh  water  to  float  it  back  again 
into  its  proper  position,  and  immediately  replaced  it  under  the  microscope, 
the  whole  operation  not  occupying  more  than  a  minute ;  but  on  getting  the 
precise  spot  into  focus,  I  found  not  a  single  pore  open  :  the  sudden  violence 
done  to  the  sponge  had  caused  a  complete  cessation  of  action  and  a  perfect 
closing  of  the  inhalent  pores.  This  result  is  curious,  in  contrast  with  the 
fact,  that  the  sponge  endures  a  large  Vibrio,  which  is  continually  crawling 
with  considerable  activity  over  its  surface,  and  frequently  biting  large  mouth- 
fuls  out  of  the  soft  tissues,  without  appearing  to  create  the  slightest  alarm, 
although  passing  immediately  across  the  pores  while  in  full  action. 

18th  October. — At  11  p.m.  I  resumed  my  observations  at  the  precise  spot 
which  1  had  examined  on  the  evening  of  the  16th,  and  of  which  I  then  took 
a  sketch.  Not  one  of  the  pores  that  I  had  carefully  diagrammed  opened 
during  an  hour  and  a  half  that  I  constantly  observed  them,  but  several  others 
close  by  the  spot  were  fully  expanded,  and  were  steadily  imbibing  the  mole- 
cules of  indigo  with  which  I  supplied  them.  I  selected  three  of  these  for 
observation,  but  with  a  power  of  260  linear  1  could  not  detect  cilia.  The 
mode  of  the  entry  of  the  molecules  was  regular  and  very  remarkable :  they 
approached  the  pore  by  a  steadily  accelerated  motion,  and  when  they  reached 
the  margin  rushed  suddenly  into  the  orifice ;  but  although  entering  thus 
forcibly,  their  course  was  not  straight  downwards,  but  each  one  seemed  to 
slip  as  it  were  round  the  margin  and  pass  rapidly  off  at  an  angle  of  45  degrees 
immediately  beneath  the  dermal  membrane,  and  their  course  might  be  traced 
for  a  considerable  distance  in  a  straight  line,  and  with  a  gradual  decrease  of 
speed  from  the  moment  of  their  entrance.  These  circumstances  would  seem 
to  indicate  the  position  of  the  motive,  power  to  be  immediately  within  the 
margin  of  the  pore,  but  I  could  not  in  any  case  detect  them ;  I  sometimes 
saw  a  hazy  rim  immediately  within  the  pore,  but  I  believe  this  was  due  to 
parallax  arising  from  a  slight  change  in  the  position  of  the  dermal  mem- 
brane. The  peculiar  mode  of  the  entry  of  the  molecules,  combined  with  the 
cyclose  circulation  that  I  have  previously  noted  as  occurring  when  the  in- 
halent action  became  languid,  induces  me  to  believe  that  the  seat  of  the  cilia 
is  confined  to  the  large  intermarginal  cavities  of  the  sponge,  and  that  they  are 
not  appendages  of  either  the  pores  or  the  oscula.    At  the  end  of  an  hour  and 
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a  half  of  close  observation  with  the  hope  of  detecting  the  act  of  the  closing 
of  the  pores,  I  was  rewarded  for  my  patience  by  seeing  that  the  clear  tense 
rounded  margin  of  one  of  them,  which  was  black  by  the  aberration  of  the  rays 
of  light  passing  through  it,  began  to  lose  its  distinctness,  and  at  the  same 
time  it  assumed  an  irregularly  oval  instead  of  a  circular  form.  The  margin 
malted  away,  as  it  were  spreading  gradually  inward  towards  the  centre,  and 
this  action  continued  until  the  orifice  became  entirely  closed,  and  not  the 
slightest  mark  remained  to  indicate  the  place  a  minute  previously  occupied 
by  a  fully  expanded  pore.  When  thus  closed,  the  membrane  presented  pre- 
cisely the  same  irregularly  granulated  appearance  that  characterized  the  sur- 
rounding tissue.  Two  other  pores  in  the  immediate  neighbourhood  under- 
went precisely  the  same  process  in  the  course  of  less  than  a  minute. 

October  1 9th. — At  9  p.m.  I  found  the  sponge  in  very  languid  action,  and 
completely  clear  internally  of  molecules  and  indigo.  The  excurrent  tube  bear- 
ing the  osculum  had  assumed  a  new  aspect.  In  addition  to  the  usual  conical 
projection  of  membrane,  the  apex  was  dilated  into  the  form  of  a  supplementary, 
obtusely  oval  bladder,  terminated  by  the  usual  osculum  in  a  fully  dilated 
condition  (rig.  7).  Through  this  orifice,  in  consequence  of  its  favourable 
position,  I  could  focus  clearly,  down  to  the  body  of  the  sponge,  and  had 
there  been  cilia  lining  the  interior  surface  of  the  tube,  I  could  not  possibly, 
I  think,  have  missed  seeing  them ;  but  I  failed  in  detecting  the  slightest  in- 
dication of  their  presence  :  very  few  pores  were  open,  and  none  of  those  which 
1  had  diagrammed  carefully  on  the  16th,  nor  any  of  those  which  I  had 
observed  on  the  18th. 

I  continned  to  observe  this  and  several  other  small  specimens  of  Spongilla 
for  several  weeks,  but  as  the  results  were  with  very  little  variation  the  same 
as  those  I  have  previously  described,  it  is  unnecessary  to  detail  them. 

The  observations  on  Spongilla,  as  regards  the  forcible  and  the  languid 
exhalation,  are  in  perfect  accordance  with  my  description  of  those  actions  in 
the  marine  sponge  Hymeniacidon  carunculay  recorded  in  my  report "  On  the 
Vital  Powers  of  the  Spongiadae,"  published  in  the  Reports  of  the  British  As- 
sociation for  1856,  p.  438.  The  vigorous  imbibition  and  ejection  of  the 
surrounding  water  is  as  strikingly  indicative  in  the  freshwater  sponge  as  it 
was  in  the  marine  one,  of  the  period  of  feeding ;  while  the  languid  action  in 
either  case  distinctly  marks  the  aerating  process  only,  during  which  the 
digestion  of  the  nutritive  particles  previously  imbibed  is  gradually  effected, 
and  the  effete  matter  partially  ejected.  In  the  performance  of  these  instinct- 
ive acts,  Spongilla  possesses  the  same  degree  of  control  over  these  actions 
that  I  have  described  in  my  former  report  as  existing  in  the  marine  sponge ; 
sometimes  the  rapid  ejection  of  the  excurrent  stream  in  the  Spongilla  was 
suddenly  brought  to  a  conclusion,  while  at  others  there  was  a  very  gradual 
decline  in  the  rapidity  of  the  action  until  it  assumed  the  degree  of  force  that 
marks  the  excurrent  streams  of  the  breathing  action  only. 

The  structure  of  the  pores,  and  the  perfectly  plastic  nature  of  the  dermal 
membrane,  as  exhibited  in  these  observations,  are  very  remarkable.  The 
sensitiveness  of  the  sponge  to  injury,  the  rapidity  of  the  act  of  closing  those 
organs,  and  the  power  they  appear  to  possess  of  opening  new  ones  to  any 
extent  and  in  any  direction  they  please,  attest  an  astonishing  amount  of  vital 
energy  in  a  membrane  in  which  I  have  been  unable  to  trace  any  indication 
of  the  existence  of  fibrous  tissue. 
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On  Flax.  By  John  P.  Hodges,  M.D.,  F.C.S.,  Professor  qf  Agri- 
culture, Queen's  College,  Belfast l,  and  Chemist  to  the  Chemico-Agri- 
cultural  Society  qf  Ulster. 

Composition  of  the  Uhsteeped  Flax  Stem  and  qf  the  Dressed  Fibre. 

For  the  purpose  of  studying  the  nature  of  the  proximate  compounds  which 
are  contained  in  the  cells  of  the  flax-plant,  and  which  are  in  part  removed  in 
the  steeping  process,  several  analyses,  both  of  unsteeped  and  of  dressed  flax, 
i.e.  of  the  tibre  in  the  condition  in  which  it  is  brought  into  the  market, 
deprived  of  the  portions  unsuitable  for  spinning,  have  been  made  by  the 
Reporter.    By  operating  upon  large  quantities  of  material,  he  was  enabled  to 
separate  considerable  quantities  of  some  of  the  most  important  constituents 
of  the  plant,  and  had  hoped  to  be  ready  to  communicate  the  results  of  the 
investigations  in  which,  at  various  periods  during  the  past  three  or  four 
years,  he  has  been  engaged ;  but,  from  the  interruption  of  pressing  profes- 
sional duties,  he  has  been  obliged  to  remain  content  with  merely  a  partial 
survey  of  the  subject.     As,  however,  the  chief  labour  of  the  investigation 
has  been  removed,  he  expects  that,  in  the  course  of  next  year,  he  may  con- 
clude the  inquiry.    Iu  the  mean  time,  a  summary  of  some  of  the  results  ob- 
tained will  be  found  interesting,  and  in  some  degree  useful,  as  a  contribu- 
tion to  the  chemical  history  of  a  material  of  so  great  importance  to  the  staple 
industry  of  Ireland.    For  the  proximate  analyses  of  the  plant,  various  methods 
of  investigation  were  tried ;  but  that  which  was  preferred,  as  affording  the 
most  reliable  results,  was  conducted  as  follows : — The  flax,  cut  into  small 
pieces,  was  in  the  first  place  repeatedly  treated  with  cold  water,  so  long  as 
anything  was  dissolved.     The  solution  was  strained  through  linen,  and  after- 
wards filtered  and  heated  to  ebullition.    The  coagulum  which  was  produced 
on  boiling  the  liquid  was  separated  by  the  Alter,  and  a  few  drops  of  acetic 
acid  added,  which  produced  a  precipitate  of  caseine,  which,  after  twelve 
hours'  subsidence,  was  collected,  washed,  dried,  and  weighed.    In  the  liquid 
from  which  the  caseine  was  separated,  when  evaporated  to  an  almost  syrupy 
consistence,  alcohol,  when  added,  produced  a  bulky  gelatinous  precipitate  of 
a  greyish  colour,  which  was  collected  on  a  filter,  washed  with  alcohol,  and 
dried.     The  alcoholic  liquids,  on  concentration,  afforded  rich  orange-coloured 
solutions,  and  afforded,  on  evaporation,  reddish-brown  extracts,  which,  in  the 
case  of  the  dressed  flax,  weie  found  to  contain  a  considerable  amount  of 
grape-sugar.    The  several  precipitates  and  residues,  after  being  weighed, 
were  carefully  incinerated,  and  the  weight  of  ash  obtained  in  each  case  de- 
ducted.   The  amount  of  nitrogen  contained  in  the  samples  was  determined 
by  the  method  of  Varrentrapp  and  Will,  and  in  each  case  two  estimations  were 
made— first,  of  the  total  amount  of  nitrogen  contained  in  the  specimen  dried 
at  212°;  and  secondly,  of  the  amount  of  nitrogen  which  was  retained,  in  the 
form  of  insoluble  azotized  compounds,  in  the  specimen  from  which  all  soluble 
matters  had  been  removed  by  treatment  with  water  as  described.     The 
amount  of  fatty  matter  and  oil  present  was  obtained  by  treating  the  specimen 
dried  at  212°  in  a  simple,  but  exceedingly  effective,  extraction  apparatus, 
which  for  upwards  of  ten  years  has  been  in  use  in  the  laboratory  of  the  Re- 
porter, and  has  been  found  of  great  service  in  facilitating  the  treatment  of 
substances  with  alcohol  and  aether.    It  is  formed  by  attaching  a  thin  glass 
flask,  capable  of  containing  about  6  oz.  of  liquid,  by  means  of  a  small 
glass  tube  and  sound  corks,  to  a  glass  vessel  of  about  12  oz.  capacity  pro- 
vided with  two  openings,  one  being  at  the  top  and  the  other  at  the  side,  as 
close  as  possible  to  the  bottom  of  the  vessel.     To  the  opening  at  the  top  of 
the  vessel,  a  glass  tube  bent  at  right  angles  is  affixed  by  means  of  a  cork, 
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and  its  longer  limb  made  to  pass  to  the  bottom  of  a  loosely-closed  vial 
which  is  placed  in  a  beaker  containing  some  cold  water.     The  apparatus  thus 
constructed  consists  of  three  Teasels;  and  the  material  to  be  extracted,  reduce d9 
if  possible,  to  coarse  powder,  or  cut  into  small  pieces  and  bruised,  is  placed 
in  the  intermediate  vessel,  the  lower  tubulure  of  which  should  be  loosely 
filled  with  a  piece  of  cotton  which  has  been  previously  boiled  with  ether 
and  alcohol.     A  little  flask,  in  which  about  an  ounce  of  ether  has  been 
placed,  is  then  attached,  and  the  bent  tube  inserted,  with  the  long  limb 
passing  into  the  via),  in  which  also  there  is  some  ether.    The  apparatus 
being  thus  arranged,  a  spirit-lamp  is  held  under  the  little  flask,  and  the 
heat  continued  until  nearly  all  the  ether  is  volatilized.     The  flask  is  then, 
without  being  detached,  cooled  by  immersion  in  a  basin  of  cold  water, 
when  the  aether  in  the  intermediate  vessel,  and  also  that  in  the  condenser, 
h  forced  into  it  by  atmospheric  pressure.     The  flask  is  then  dried  by  blotting- 
paper,  the  heat  of  the  lamp  again  applied,  and  the  process  continued  until 
the  aether  which  passes  through  the  little  bent  tube  connected  with  the  flask 
is  entirely  free  from  colour.     By  this  method  of  extraction,  nearly  all  the 
rcther  employed  can  be  recovered  by  applying  heat  to  the  flask,  so  as  to  cause 
the  liquid  to  accumulate  in  the  condenser,  and  a  concentrated  solution  of  the 
matter  dissolved  is  collected  in  the  flask.     By  placing  the  flask  (the  weight 
of  which  has  been  ascertained)  in  the  water-bath,  so  as  to  remove  all  traces 
of  the  solvent,  the  amount  of  the  extract  can  readily  be  determined. 

The  total  amount  of  matters  extracted  by  ether,  in  five  experiments,  with 
samples  of  flax-straw,  the  produce  of  crops  in  this  country,  in  different  years, 
and  all  of  first-rate  quality,  gave  an  average  of  2*068  per  cent  on  the  flax 
dried  at  212°.  The  residue  of  the  flax,  after  extraction  with  water,  and  the 
subtraction  of  the  amount  of  wax,  Ac.  extracted  by  ether,  and  of  the  in* 
soluble  nitrogeni zed  compounds,  as  calculated  from  the  amount  of  nitrogen  in 
the  washed  fibre,  and  assumed  to  possess  the  composition  of  albumen,  and 
of  the  insoluble  inorganic  matters  which  it  was  found  to  contain,  was  regarded 
as  fibre. 

The  following  is  a  statement  of  the  results  obtained  in  the  examination  of 
samples  of  dressed  flax  fibre,  of  average  quality,  and  also  of  a  sample  of  un- 
steeped  flax-straw  which  had  been  taken  from  the  field  when  fully  matured, 
and  had  remained  for  some  weeks  in  the  stack.  The  samples  of  fibre  dried 
at  212°  contained,  respectively — No.  1,  9-10,  and  No.  2,  8*61  per  cent  of 
water;  and  the  unsteeped  straw  12  per  cent: — 


No.  1. 
Wax  volatile  oil,  lino-tannlc  acid*  and 

resinous  matter 2*200 

Sugar  and  colouring  matter,  soluble 

in  alcohol «...  1*541 

Inorganic  matters,  soluble  in  alcohol  0*281 

Pectine  0*698 

Salts,  insoluble  in  alcohol    0  0/6 

Nitrogenized  compounds,  soluble  in 

water,  cascine,  &c 3*560 

Nitrogenized   compounds,    insoluble 

in  water 2*940 

Inorganic  matters,  united  with  the 

fibre   0730 

Fibre 87974 


No.  2. 

Unsteeped 
Straw. 

2*620 

1-360 

0*624 
0116 
0*280 
0*044 

6*630 
2*830 
0-360 
0080 

1*380 

0*834 

4-310 

4-269 

1-490 
89136 

2-600 
82137 

100-000         100000         ioo-oqo 
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The  total  amount  of  inorganic  matters  present  in  the  samples  was  ob- 
tained by  the  careful  incineration  of  the  flax  in  platinum  dishes.  The 
specimens  of  fibre  dried  at  212°  gave,  respectively,  in  No.  1,  1*40  per  cent., 
and  in  No.  2,  1*54  per  cent  of  ash.  The  ash  had  a  brick-red  colour.  The 
nnsteeped  flax  left,  on  incineration,  5*23  per  cent,  of  an  almost  white  ash. 
The  ash  from  the  fibre  had  the  following  composition  : — 

No.  1.  No.  2. 

Potash   7*94  ...  1-85 

Soda  219  ...  7*62 

Chloride  of  sodium  ...     275  ...  1'77 

Lime 2924  ...  2708 

Magnesia  4*64  ...  070 

Peroxide  of  iron    3  72  ...  7'40 

Phosphoric  acid    523  ...  10*40 

Sulphuric  acid  600  ...  312 

Carbonic  acid    2817  ...  1910 

Silica 10-45  ...  21-31 

_____  t 

10033  100-36 

By  distilling  the  straw  of  the  flax  plant  with  water,  there  is  obtained  in 
the  receiver  a  slightly  acid  distillate,  from  which,  when  saturated  with  com- 
mon salt,  by  treatment  with  aether,  there  is  procured  a  small  amount  of  an 
exceedingly  fragrant  oil,  of  a  yellow  colour,  which  possesses  an  intense 
honey-like  odour.  This  oil,  when  heated,  evolves  a  penetrating  smell,  with 
a  somewhat  turpentine  odour.  It  soon  solidifies  on  exposure  to  the  air, 
forming  irregular  granules,  and  acquires  an  acid  reaction.  Its  dilute  solution 
evolved  the  characteristic  agreeable  odour  which  is  perceived  in  rooms  in 
which  large  quantities  of  dressed  flax  are  stored.  It  may  also  be  separated 
by  adding  water  to  the  solution,  obtained  by  treating  the  straw  with  alcohol 
in  the  extraction  apparatus,  and  subjecting  the  mixture  to  distillation.  By 
the  action  of  aether  upon  both  the  unsteeped  and  dressed  flax,  rich  green- 
coloured  solutions  are  obtained.  These  solutions  possess  a  strongly  acid 
reaction,  and,  on  partial  cooling,  bulky,  flocculent  white  deposits  separate, 
leaving  the  supernatant  liquid  of  an  emerald-green  colour.  The  deposited 
matter  soon  collects  in  transparent  granules,  and,  when  repeatedly  washed 
with  cold  aether,  which  separates  from  it  a  yellow  colouring  matter,  it  dries 
over  the  water-bath  to  a  slightly  yellow  brittle  pulverulent  extract,  which 
in  the  cold  is  scarcely  at  all  acted  upon  by  absolute  alcohol,  but,  dissolves 
by  the  assistance  of  heat  in  spirits  of  turpentine  and  in  ammonia,  and  is 
saponified  by  heating  with  solution  of  caustic  potash.  Fixed  on  a  loop 
formed  on  a  piece  of  platinum  wire,  and  exposed,  with  the  usual  precautions, 
to  water  heated  over  a  lamp,  it  was  observed,  in  several  trials,  to  soften  at 
the  temperature  of  182°  Fahr.,  and  to  melt  at  184°*5  Fahr. ;  strongly  heated 
in  a  platinum  capsule,  it  runs  along  the  dish,  then  melts  and  evolves  an 
odour  of  wax,  and  when  placed  in  its  melted  condition  on  paper,  produces  a 
greasy  stain.  The  amount  of  wax  separated  from  the  unsteeped  flax  amounted 
to  0*27  per  cent. 

When  the  solution  obtained  by  treating  the  flax-straw  with  aether  is  evapo- 
rated to  dryness,  a  residue  is  left  which  consists  of  a  deep  olive,  almost  black 
extract,  mixed  with  a  substance  of  a  rich  orange  colour.  This  extract,  on 
being  dissolved  by  the  assistance  of  heat  in  aether,  and  distilled  water  added 
to  it,  produces  a  brown  turbid  solution,  on  the  surface  of  which  a  dark  brown 
sticky  matter  collects,  which,  when  removed  by  filtration,  leaves  the  liquid 
of  a  bright  golden-yellow  colour,  and  affords,  on  evaporation,  an  orange 
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strongly  acid  extract,  which  was  found  to  consist  chiefly  of  a  peculiar  tannic 
acid,  which  strikes  a  deep  green  colour  with  the  persalts  of  iron.  This  acid, 
which  may  provisionally  be  termed  lino-tannic  acid,  was  also  obtained  in  white 
needle-shaped  crystals,  by  adding  neutral  acetate  of  lead  to  the  ethereal  solu- 
tion of  the  plant,  and  decomposing  the  lead  compound  diffused  in  alcohol  by 
sulphuretted  hydrogen.  The  filtrate  from  the  sulphuret  of  lead,  which  had 
an  orange  colour,  when  evaporated  to  dryness,  afforded  on  treatment  with 
aether,  a  solution  from  which,  when  the  aether  has  spontaneously  evaporated, 
crystals  of  the  acid  separated.  The  acid,  though  existing  in  minute  quantity 
in  the  plant,  has  been  detected  both  in  the  unsteeped  and  dressed  flax,  and 
possesses  considerable  interest  in  connexion  with  the  technical  preparation 
of  the  fibre,  as  its  presence  explains  the  discoloration  which  is  frequently 
observed  when  the  flax-straw  has  been  steeped  in  water  containing  salts  of 
iron.  In  addition  to  the  lino-tannic  acid,  the  straw  of  the  flax  plant  was 
found  to  contain  a  considerable  amount  of  malic  acid,  and  also  an  acid  yellow 
colouring  substance  of  a  resinous  nature,  which  can  be  extracted  by  alcohol,, 
and  yields,  with  basic  acetate  of  lead,  a  rich  chrome-yellow-coloured  preci- 
pitate, which,  when  suspended  in  alcohol  and  decomposed  by  sulphuretted 
hydrogen,  and  the  sulphuret  of  lead  removed,  yields  a  straw-coldured  liquid, 
from  which,  on  evaporation,  the  resin  is  obtained  in  the  form  of  a  tenacious 
orange-brown  extract,  which  is  insoluble  in  aether,  but  dissolves  readily  in 
alcohol,  and  is  precipitated  from  its  solution  in  the  form  of  a  buff-coloured 
mass,  which  is  dissolved  by  alkalies,  with  the  production  of  a  rich  orange- 
coloured  solution. 

From  the  green  plant,  and  also  from  the  dressed  fibre,  water  extracts  a 
gelatinous  substance  which  is  thrown  down  as  a  bulky  precipitate  on  the 
addition  of  alcohol.  This  precipitate  was  found  to  consist  of  pectine  with 
malate  and  sulphate  of  lime.  In  the  unripe  plant,  and  also  in  the  stems,  as 
pulled  from  the  field  in  the  usual  state  of  maturity,  when  the  seeds  contained 
in  the  capsules  have  commenced  to  assume  a  brown  colour,  starch  was  dis- 
covered, and  could  readily  be  extracted  by  placing  the  stems  in  a  powerful 
lever  press,  and  moistening  them  with  a  small  quantity  of  water.  By  allow- 
ing the  expressed  liquids  to  remain  at  rest,  the  starch  subsides,  and  can  be 
recognized  by  the  microscope  as  consisting  of  extremely  minute  corpuscles, 
which  assume  a  purple  colour  on  the  addition  of  a  watery  solution  of  iodine. 
When,  however,  the  flax-straw  is  examined  after  it  has  remained  exposed  to 
the  air  for  several  days  in  the  stook,  the  liquid  obtained  by  subjecting  it  to 
pressure  and  washing  with  water  was  found  to  afford  no  indication  of  the 
presence  of  starch.  In  the  dressed  flax,  no  starch  could  be  detected,  but 
the  presence  of  a  considerable  amount  of  grape-sugar  was  demonstrated. 
The  discovery  of  grape-sugar  in  the  fibre  is  in  many  respects  exceedingly 
interesting,  as  it  serves  to  afford  an  explanation  of  the  statement  frequently 
made  by  experienced  steepers,  that,  by  storing  up  the  steeped  flax  as  imper- 
fectly dried,  by  exposure  to  the  air  for  some  weeks  before  proceeding  to  re- 
move the  adherent  woody  matters  by  mechanical  means  (by  scutching),  the 
separation  of  the  fibre  is  found  to  be  greatly  facilitated,  and  its  qualities 
improved. 

Examination  of  the  Steeping  Process. 

As  stated  in  former  communications  to  the  Section,  experiments,  which 
were  conducted  by  immersing  flax  in  water,  both  at  ordinary  temperatures, 
and  also  in  vats  filled  with  water,  heated  and  steadily  maintained  at  from 
80°  to  90°  Fahr.,  have  shown  that  in  both  cases  the  series  of  decompositions 
which  ensued  might  be  regarded  as  identical,  and  that  the  fermentation 
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which  takes  place  resembles  the  so-called  butyric  aold  fermentation*  This* 
when  the  gases  which  are  evolved  from  the  surface  of  the  steeping  vats  are 
collected,  which  is  most  conveniently  effected  by  filling  the  receivers  with 
the  flax  water  and  supporting  them  over  the  surface  of  the  liquid,  the 
mixture  of  gases  obtained,  when  transferred  to  the  mercurial  trough,  and 
examined  by  the  introduction  of  pellets  of  potashi  explosion  of  the  residue 
with  oxygen,  &o«,  according  to  Bunsen's  excellent  methods,  was  found*  in 
numerous  trials,  to  afford  merely  carbonic  acid,  hydrogen,  and  nitrogen*  la 
no  ease  could  Jtraces  of  carbonic  oxide,  carburetted  hydrogen,  nor  of  sul- 
phuretted hydrogen  be  detected.  The  absence  of  sulphuretted  hydrogen 
was  carefully  ascertained  by  the  employment  of  various  methods;  not  the 
least  indication  of  its  presence  could  be  detected,  though  papers  moistened 
with  acetate  of  lead  were  exposed  to  the  gases  evolved  during  the  entire 
progress  of  the  fermentation.  This  faot  is  important,  aa  it  bat  been  asserted 
that  the  disagreeable  odour  of  the  flax-pool  depended  upon  the  copious  evo- 
lution of  sulphuretted  hydrogen ;  and  its  presence  in  the  gases  evolved  has 
been  reported  by  a  French  chemist*  though  upon  insufficient  evidence, 
afforded  by  the  examination  of  flax-water*  conveyed  in  bottles  from  remote 
parts  of  the  country  to  Paris*  The  production  of  a  large  amount  of  sul- 
phuretted hydrogen  has  been  urged  as  a  serious  objection  to  the  adoption  of 
Schenok's  hot-water  process. 

The  corrected  composition  of  100  volumes  of  the  mixed  gases  evolved 
from  the  fermenting  vats  was  found  to  be  as  follows  ;-* 

Carbonic  acid 22*29 

Hydrogen  44*0 

Nitrogen 83*41 

10000 

At  the  Belfast  meeting  of  the  Association,  it  was  stated  by  the  Reporter 
that,  during  the  fermentation,  a  very  considerable  amount  of  butyrie  acid  was 
produced.  Since  that  period,  the  experiments  have  been  repeated  on  a  con- 
siderable scale,  and  It  has  been  fbund  that,  though,  when  the  fermentation 
has  fairly  commenced,  after  the  straw  has  been  about  twenty-four  hours 
immersed,  the  distillate  from  the  fermenting  liquid  contains  formic  add  and 
butyric  acid ;  yet,  as  the  process  continues,  and  especially  towards  its  eon- 
elusion,  the  formic  acid  almost  entirely  disappears,  and  the  butyric  acid  de- 
creases in  amount,  and  is  replaced  by  valerianic  acid.  In  some  cases,  indeed, 
the  distillate,  towards  the  conclusion  of  the  period  of  steeping,  afforded  nearly 
pure  valerianic  acid. 


Report  qfthe  Committee  on  the  Magnetic  Survey  of  Great  Britain. 
By  Major-General  Sabine. 

The  author  gave  a  brief  review  of  the  important  researches  connected  with 
the  magnetism  of  the  globe  by  MM.  Kreil  and  Lamont,  on  the  Continent  of 
Europe,  Dr.  Bache  and  others  in  America,  and  by  our  own  observers  in 
various  parts  of  the  earth.  He  adverted  to  the  Magnetic  Survey  of  the  British 
Islands,  executed  at  the  request  of  the  British  Association  in  1837  and  1838, 
published  in  the '  Reports '  for  1838,  as  the  first  national  work  of  this  descrip- 
tion which  had  been  executed  in  any  country,  and  to  the  similar  works 
since  completed  in  Austria  and  Bavaria,  at  the  expense  of  the  Governments 
of  those  countries,,  in  proof  of  the  value  of  the  example.    It  is  on  such 
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surveys  that  We  must  in  great  measure  depend  for  the  material*  oa  whieh 
correct  delineation*  of  the  three  magnetic  elements  on  the  surface  of  the 
earth  can  be  satisfactorily  based ;  and  it  it  to  the  repetition  of  such  survey* 
from  time  to  time,  that  we  must  look  for  the  data  on  which  a  true  theory  of 
the  secular  variation  of  terrestrial  magnetism  may  be  founded.  Twenty 
years  having  elapsed  since  the  execution  of  the  former  Magnetic  Survey 
of  the  British  Islands,  the  General  Committee  had  deemed  that  the  proper 
time  had  arrived  for  its  repetition,  and  named  a  Committee  for  the  purpose, 
consisting  of  the  same  five  members  of  their  body  by  whom  the  former  survey 
was  made,  with  the  addition  of  Mr,  Welsh,  the  Director  of  their  Establishment 
at  K«w«  The  present  Report  stated  the  progress  which  the  Committee  had 
already  made*  chiefly  in  England  and  in  Scotland,  and  their  expectation  that 
at  the  next  meeting  of  the  Association  they  should  be  able  to  report  that  the 
work  was  drawing  near  to  its  completion- 


Report  cm  Observations  of  Luminous  Meteor*,  1856-57*  By  the  Rev. 
Badbn  Powell,  M.A.,  F.R.S.,  F.R.A.S.,  F.Q.S.,  Savilian  Pro- 
fessor of  Geometry  in  the  University  of  Oxford. 

In  submitting  to  the  British  Association  my  tenth  Report  of  Observations 
on  Luminous  Meteors,  I  could  have  hoped  that  it  might  have  contained 
some  attempt  at  least  towards  the  classification  and  generalisation  of  the 
vast  mass  of  results  which  have  now  been  communicated.  But  while  the 
actual  contribution  of  fresh  observations  for  the  year  whieh  has  elapsed  since 
my  last  communication  is  not  very  extensive,  1  am  also  constrained  to  admit 
that  I  have  as  yet  attempted  very  little  towards  the  greater  object  in  view. 

la  the  present  communication,  nevertheless,  besides  the  mere  detail  of 
observations,  I  am  able  to  include  notices  of  one  or  two  important  specula* 
tions  on  the  subject  which  have  been  pursued  by  some  eminent  men  who 
have  turned  their  attention  to  this  inquiry,  and  have  followed  out  some 
generalizations  on  certain  points  connected  with  it,  which  seem  eminently 
valuable  towards  the  gradual  establishment  of  a  solid  theory  of  meteorie 
phenomena* 

I.  Some  generalizations  respecting  the  causes  of  meteor-phawioaiena,  espe- 
cially the  averages  of  their  horary  variation  in  numbers  through  the  night, 
have  been  advanced  by  Mr.  G.  C.  Bompas,  founded  on  the  observations  of 
MM.  Coulvier-Gravier  and  Bcguslawski. 

The  general  result  of  those  observations  is,  that  the  number  of  meteors 
varies  through  the  successive  hours  from  6  p.m.  to  6  a.m.,  by  a  reyuhr 
increase  up  to  the  last-named  hour. 

The  number  which  appear  in  the  East  is  more  than  double  the  number 
originating  in  the  West;  those  from  North  and  South  nearly  equal.  In 
other  words,  nearly  two-thirds  of  the  whole  number  originate  in  the  Eastern 
hemisphere  of  the  sky. 

From  the  observations  of  Boguelawski  and  others,  it  appears  that  the  are- 
rage  velocity  ef  meteors  is  about  double  that  of  the  earth  in  its  orbit* 

Mr.  Bompas,  combining  these  facts,  deduces  the  following  theory,  derived 
solely  from  the  conditjpns  of  the  earth's  motion*  The  greatest  number  of 
meteors  is  enoountered  when  the  observer's  meridian  is  in  the  direction  of  the 
earth's  motion*  which  is  at  6  a*m,;  and  then  decreases  to  6  p.m.,  when  he 
looks  ttoeppoajtewav*    U  thccarth  were  at  restt  meteors  (supposed  equally 
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distributed)  would  converge  on  it  equally  from  alt  quarters.  But  the  earth, 
in  fact,  being  in  motion  with  a  velocity  half  thai  of  the  average  velocity  of  the 
meteors,  it  encounters  nearly  two-thirds  of  the  number  on  the  tide  toward* 
which  it  is  moving. 

1L  A  considerable  series  of  results  has  been  investigated  by  M.  A.  Poey, 
respecting  the  colours  of  luminous  meteors,  derived  from  extensive  sets  of 
observations  collected  by  M.  Ed.  Biot  from  those  made  in  China  from  the 
7th  century  b.c.  to  the  17th  a.d.  ; — those  collected  in  the  Reports  of  the 
British  Association  ; — and  those  made  at  Paris  by  M.  Coulvier-Gravier. 
Among  these  generalizations  we  may  remark  the  following  : — 
In  the  Chinese  observations  meteors  of  simple  primitive  colours  are  very 
rare,  the  great  majority  being  of  compound  tints ;  in  the  European  observa- 
tions  the  reverse  is  the  case. 

The  Chinese  observations  show  a  remarkable  constancy  of  tints  dnring  a 
long  period  of  years,  when  an  equally  constant  but  different  scale  of  colour 
prevails ;  and  this  for  several  successive  periods. 

Cases  of  complementary  colours  in  the  body  of  the  meteor  and  the  train, 
or  fragments,  are  often  noticed. 

Changes  of  colour  during  the  course  of  the  meteor  are  observed,  being 
most  usually  from  white  near  the  zenith  to  blue  near  the  horizon,  but  some- 
times from  white  to  red.  This,  the  author  observes,  agrees  with  the  law  of 
M.  Doppler,  that  a  luminous  body  moving  towards  the  observer  will  change 
its  colour  from  white,  in  succession  to  the  violet  end  of  the  spectrum; — 
moving  from  the  observer,  to  the  red.  This  law,  he  states,  is  especially  con- 
firmed by  the  Paris  observations.  He  remarks  on  the  necessity  for  attend- 
ing to  personal  differences  in  observers'  estimate  of  colour;  a  remark  fully 
confirmed  by  the  great  contradictions  existing  in  the  descriptions  of  the 
colour  of  many  of  the  brightest  meteors,  at  the  same  time  and  place,  by  dif- 
ferent observers. 

He  gives  the  results  of  the  various  observations  cited,  in  tables  exhibiting 
the  number  of  meteors  of  each  tint  for  each  month ;  and  adds  others  of 
meteors  arranged  under  several  heads,  of  physical  peculiarities. 
The  details  are  given  in  the  Appendix  No.  4. 

III.  One  point  of  the  highest  interest  and  importance  towards  forming 
any  sound  theory  of  meteors,  is  the  estimate  of  their  actual  size  from  their 
apparent  diameters  and  calculated  distance.  -  In  all  the  results  usually  given 
this  calculation  is  made  on  acknowledged  geometrical  principles,  assuming 
that  the  apparent  disk  is  the  real  one,  diminished  only  by  the  effect  of 
distance. 

Prof.  J.  Lawrence  Smith  of  the  U.  S.  has  adduced  some  very  remarkable 
optical  experiments  to  show  the  entire  fallacy  of  any  conclusion  from  the 
apparent  diameter  of  a  highly  luminous  or  incandescent  body  seen  at  a 
distance. 

These  experiments  exhibit  a  singular  apparent  enlargement  of  the  visible 
disks  of  intensely  luminous  bodies  of  known  size,  when  observed  successively 
at  distances  of  100  yards,  of  a  -J-  mile,  and  \  mile;  at  which  distances  re- 
spectively, for  example,  the  body  of  electric  light  of  carbon  points  (actually 
0*3  inch  diameter)  appeared  \>  3  times,  and  &£  times  the  diameter  of  the 
moon ;  and  other  incandescent  bodies  in  a  similar  proportion  dependent  on 
the  degree  of  ignition. 

These  results  seem  dependent  on  some  optical  or  cymlar  cause,  of  greater 
energy  than  we  can  ascribe  readily  to  simple  irradication  ;  but  in  a  rough  way 
they  admit  of  some  degree  of  verification  by  looking  at  a  row  of  street  lamps 
seen  nearly  in  a  line  from  the  eye,  the  apparent  diameters  of  which  do  not 
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decrease  at  all  for  a  considerable  distance ;  and  even  then  by  no  means  in 
proportion  to  the  law  of  perspective. 

This  subject  appears  to  be  one  eminently  deserving  of  more  full  and 
precise  investigation,  whether  in  a  meteorological  or  an  optical  point  of 
view. 

IV.  Prof.  Lawrence  Smith's  paper  is,  however,  mainly  devoted  to  other 
points  of  not  less  importance  respecting  the  nature  and  theory  of  meteors,  and 
especially  of  those  which  fall  either  wholly  or  in  portions,  producing  meteoric 
stones. 

He  gives  a  minute  account  of  five  specimens  found  in  America,  accom- 
panied by  chemical  analyses,  from  which  it  appears  that  they  all  contain  the 
mineral  called  Schreibersite,  not  known  as  a  natural  compound  on  the  earth. 
He  enters  largely  on  theoretical  views,  and  in  the  course  of  these  specula- 
tions examines  various  hypotheses  which  have  been  put  forth,  and  eventually 
endeavours  to  revive  the  theory  of  the  origin  of  these  bodies  from  the  lunar 
volcanoes  supposed  at  some  remote  period  to  have  been  in  a  state  of  activity. 

Without  discussing  such  a  question,  which  will  perhaps  be  generally  viewed 
with  suspicion  at  the  present  day,  and  passing  to  the  general  subject  of 
shooting  stars,  which  the  author  is  inclined  to  distinguish  entirely  from  those 
masses  which  have  fallen  to  the  earth,  we  may  notice  the  apparently  favour- 
able mention  he  makes  of  the  general  admission  of  the  cosmical  nature  of  the 
former,  and  of  that  view  of  their  nature  which  regards  them  as  nebulous 
masses  revolving  in  our  system. 

It  has  been  further  supposed  that  such  masses,  being  in  a  high  state  of 
electric  tension,  on  approaching  the  earth,  a  discharge  might  take  place  by 
which  their  metallic  elements  might  be  reduced  :  dependent  on  the  size  of 
the  nebulous  mass,  the  force  of  the  discharge,  the  consequent  intensity  of 
the  fusion,  and  other  conditions,  larger  or  smaller  metallic  or  earthy  masses 
might  be  precipitated,  and  might  fall  entire  or  shattered  into  fragments. 
The  author,  however,  considers  these  latter  effects  as  incompatible  with  the 
conditions  of  observed  meteorites. 

But  probably,  on  the  whole,  all  such  speculations  are  as  yet  premature. 
We  must  obtain  a  larger  amount  of  data  and  better  classification  of  observa- 
tions before  we  can  hope  to  follow  out  such  inferences  successfully. 

For  the  details  of  Prof.  L.  Smith's  paper  see  Appendix  No.  5. 

V.  In  some  of  the  earlier  of  this  series  of  Reports,  reference  was  made  to 
the  theory  proposed  by  Sir  J.  Lubbock,  of  meteors  shining  by  reflected  light 
and  being  simply  darkened  by  entering  the  earth's  shadow,  and  to  some  ob- 
servations of  meteors  which  coincided  with  it.  It  is  much  to  be  regretted 
that  other  observations  of  a  kind  capable  of  such  application  have  not  been 
more  frequent.  One  remarkable  instance  observed  by  Capt.  Jacob,  at 
Bombay,  was  considered  some  years  ago  by  Prof.  C.  P.  Smyth,  and  a  com- 
munication on  the  subject  made  by  him  to  the  Royal  Society  of  Edinburgh 
(1849),  of  which  a  short  notice  in  the  Proceedings  of  that  body  is  the  only 
remaining  record — the  details  having  unfortunately  not  been  preserved. 
The  results,  however,  are  stated  to  accord  exactly  with  the  theory. 

The  essential  parts  of  the  notice  are  given  in  Appendix  No.  6. 

VI.  Of  the  August  meteors  for  the  present  year,  the  only  notice  which 
has  reached  me  has  been  an  account  published  by  Dr.  T.  Forster,  of 
Brussels,  in  the  Times*  He  observed  great  numbers,  some  of  them  pre- 
senting unusual  appearances,  especially  in  regard  to  colour. 

His  letter  is  given  in  Appendix  No.  7. 
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Meteors  communicated  b 


Date. 


Hour. 


Appearance  and 
Magnitude. 


Brightness 
and  Colour. 


Train  or  8park*i 


Velocity  or 
Duration. 


1856* 
Jan.     7 


h  m 

4  50  p.m. 
4  M  p.m. 


A  fire-ball 


Bright  and  red 


Oct.  18  Mean 

at  the  place, 

9    4  p.m. 

Nov.  15  5  58  p.m. 


A  luminous  vertical 
band  expanded  ai 
the  middle,  with 
a  bright  centre 
tapering  to  th< 
ends,  Intensely 
bright  and  white. 
umeJNearly  =-  ^    . 


Left  a  column  of  thin  va-  Visible  for  80  ma 

pour  which  wavered  and! 

gradually  vanished.         | 
The  middle  eipanded  and  Disappeared    aft 

•tads    curved    opposite     about  10  sminuu 

waysi  bettene  faiat  and 


Small  train  of  sparks  14ft 


Mi 

1857. 
Jan.     2 

1856. 
Aug.  10 


f  10  pun. 


Between 
2a.m.&5  30 

From  0  p.m. 
to  10  p*m. 


Brighter  than  any 
stars  visible  through 
the  rain. 

/list  visible  through 
clouds. 

A  number  of  small 
meteors. 


Slow. 


meteors  Two 


Oct.   19  6  24  115 

(G.ll.T.) 


Nov.  $0 
Oct.  30 


30 
Nov.    9 


7  11  p-m, 
to.tf.f.) 

8  1  p.w. 


0  W  pan. 

6  30  p.m 
3    0  sum 


Five  bright 
at  different  inter- 
vals of  time.  Seve- 
ral smaller. 


A  very  brilliant 
meteor.  =  2nd  mag. 
Increased  to  «  % 
and  exploded  with 
sparks. 

~ a  Lyra....* , 


very 

bright. 


Bright;  »*;  disat). 
paired  suddenly 
Bear  •  Urea  Major* 

Brilliant  meteors  "  all 

over  the  sky.*' 
A  flue  meteor .». 


Bluish.  In 
tense  at  eX 
plosion. 

Light  orange.*  N< 
Colour  of  %... 


The  brightest  left  a  train* 
which  remained  1  or  2  se- 
conds. The  head  moved 
on  separately,  became 
stationary,  and  vanished 
by  gradual  dimiAtttian. 

Left  a  bearded  train  behindi 


o  train 

Very  little  train  , 


Massed  War  $ 


Six  meteors  within 
an  hour  of  each 
other. 


About  •=  ? 


Bright  yellow 
Uh. 


Eiploded  fragment!  "  pur 
sued  the  path  the  meteoi 
itself  had  takenfor  about 
10°.M 

No  explosion,  train,  or 
sparks* 

Sparkle  no  explosion.  *».•• 


Rapid 


Slow;  about 3 1 


Rapid 


Moderate  vetoes^ 
tor  Steoa. 


Sparlte 
vUiW»aomeu= 
after  the  bd 
bad  vanished. 


Appeased  30  fit 
zenith  &  movj 
About  same  si 
on  other  nisjl 
many  meteors] 
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Various  Observers. 


Direction  or  Altitude* 


General  remarks. 


Place. 


Obatnrer. 


Reference* 


■  the  S.  at  low  altitude,  de 
sceoded  from  S.  to  B. 


learly  S.... 


All    the    accounta 
nearly  similar. 


'rom  S.  to  W.  parallel  to  horl 
zon.     Altitude  40°;  passed 

km  B.  to  N4  at  mdination  oflHain  at  the  time ... 

AGO  *_,  L^M^MUft 

W  TO  IIUIWUU. 


East    Krtoyle, 
Wilts. 

Blackheath, 
Southampton, 
Brighton,   Ri- 
ver Hill  n< 
Sevenoaks. 


Wrottealey    Ob- 
servatory, 
Wolverhampton. 
Ibid*.*. ......... 


terly  S.,  vanished  within  30' 


If.    barely    visible 
from  ehMds. 


Ibid... 
Ibid.., 


Q  the  N.,  all  at  small  altitudes 
midway  below  Ursa  Major 
sod  Cassiopeia;  directions 
Mtrlv  borifloataj  Httti  intlltterl 
towards  W. ;  one  inclined 
nearly  at  4S°.  All  moved 
fcamlttoW. 

lost  below  Ursa  Mujfetf»  forming 
an  equilateral  A  with  fi  and  y 
From  W.  to  K.  about  V, 


From  N.  to  8.;  disappeared  near 

the  Pleiades. 
fan  S.E.  to  N.  W\,  from  «  Per. 

sei  to «  Ursa  Major.  Straight 

course. 


Sky  partially  cloud 
ed. 


altitude  25°  m  N.E.,  moved] 
through  30°  upwards. 

fam  a  little  N.  of  zenith  to- 
wards S.E.,  disappeared  at 
20°  lit. 

5toS.E.,3toN.W 


A  correspondent 
to  Lord  Wrot- 
tesley. 

Mr.  J.  Rogers, 
Mr.T.  Kimber, 
and  Corre- 
spondents to 
several  Jour 
nals. 

Observatory  As- 
sistant. 


Margate 


Tavistock  Place, 
London. 


MS.  communication 
from  Lord  Wrot- 
tcsley. 

See  Appendix  No.  2. 


Id. 
Id. 
Id. 


MS.communication 
from  LordWfot- 
tesley. 

Ibid. 


Ibid. 


Ibid. 


Prof.  Powell  and 
Mrs.  Powell 


P.  V.  Fasel,  Esq.  MS.  communica- 
tion. 


Tavistock  Place,  Id. 

London. 
Oxford Mr.G  A.Rowcll. 


Bombay. 


Bombay 


Kandallah 


Bombay 


A  Correspondent 
to  Bombay 
Times. 

Id 


Id. 


Id. 


Ibid. 
Ibid. 


Bombay  Times, 
Nov.  1. 

Ibid. 


ibid.  Nov.  6. 


Ibid.  Nov.  11* 


136 


REPORT— 1857. 


Date. 


Hour. 


Appearance  and 
Magnitude. 


Brightness 
and  Colour. 


Train  or  Sparks. 


Velocity  or 
Duration. 


1856. 
Nov.  21 


1857. 
Feb. 


h   m 

11  45  p.m, 


9  35  p.m. 

(g.m.t.) 


Several  shootingstars, 
One  remarkable. 


-6* 


One  very 
bright;  illu 
minated  ob- 
jects around 
"like  a  flash 
of  light- 
ning." 

Bluish  white. 
Intensely 
bright  and 
sparkling. 


Bright  train  from  a  few 
degrees  from  the  zenith 
to  about  a  degree  W.  of 
h,  seen  after  the  meteor 
had  disappeared;  re- 
mained a  few  seconds. 

Left  a  whitish  serpentine 
train  for  an  inappreci 
able  instant. 


Less  than  1  sec 


Luminous  Meteors  observed  in  1855-56-57,  by  J.  King  Watts, 


1855, 
Oct.     6 
Nov.  20 
Dec.    6 

1856. 
Aug.  25 


11    3  p.m. 

7    0  p.m. 

7  15  p.m. 
10  45  p.m. 

10  46  p.m. 


Oct.   21 
27 


Not.    5 
18 


27 
Dec.  20 
1857. 
May  14 

July  20 


Large  

=  1st  mag.*... 
=  2nd  mag* 
Small  


Large 


7  16  p.m. 

7  6  p.m. 

8  25  p.m. 


10  46  p.m 
7  58  p.ra, 

7  30  p.m. 


10  36  p.m 
9  45  p.m 

10  15  p.m 

11  5  p.m, 


White. 
White  . 
White 


Reddish 


=  1st  mag.*... 

=2nd  mag.* 
Large  


White 


Small 


Very  large 


Small  

=2nd  mag.* 


Large  

Large  meteor  , 


No  sparks 


Sparks 

No  sparks 


Sparks. 


White 

Bluish-red 


Many   sparks    and    long]  Slow- 
train. 
Many  sparks 


White  . 
White, 


Red  with  pur. 
plish  tint. 


White 
White 

White  , 

White 


Slow... 
Slow... 
Slow... 
Rapid 


Slow., 


Quick 


Long  train  and  sparks  after]  Rather  slow....... 

it  had  become  invisible. 


None 


Sparks. 


No  sparks 


Rapid  .., 
Rapid  ... 

Slow , 

Quick  ... 
Quick  ... 

Slow 

Rather  slow. 
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Direction  or  Altitude 


General  remarks. 


Place. 


Observer. 


Reference. 


A    little   N.    ofiRev.  A.  R.  Lloyd, 
Whittington, 
near  Oswestry. 


MS.  communica- 
tion. 


orved  vertically  downwards 
through  about  8°;  disappear- 
ed 20*  W.  of  Sirius. 


Light  clouds  con- 
cealed  everything 
except  Sirius. 


Near  Glasgow . 


W.  J.  Macouoni 
Rankine,  Esq., 
C.E. 


MS.  communica- 
tion. 


Esq.,  F.R.G.S.,  F.E.S.,  St  Ives,  Huntingdonshire. 


omE.  toW 

■omN.  toS 

wn  *  Una  Major  to  Pleiades], 


A  beautiful  object. 


pom  •  Cyg 

to  the  W, 


ins  passing  •  Lyrae 


Had  a  very  beautiful  Ibid., 
appearance  with 
a  long  whitish- 
red  line  running 
from  it,  emitting 
sparks. 


rom  Draco  to  Pegasus . 


rom  Ursa  Major  to  Ursa  Minor 
rem  Polaris  to  m  Crgnns 


Emitted    a 
light. 


A  very  bright  and 
brilliant  meteor, 
leaving  a  strong 
light. 


rem  Cepheos  to  Westward 
tam  •  Andromeda:  towards 

Cygnus. 
'rom  Cassiopeia\  to  «  Lyras  ... 


'rom  Pleiades  to  «  Persei .., 
'rom  a  Aries  towards  Pegasus.. 


'ell  from  «  Andromeda  down 

towards  the  W. 
'rom  Ursa  Minor  down  towards  Very  bright. 

Camelopardalis. 


St.  Ives,  Hunts.. 

Ibid 

Ibid. 

Ibid 


strong 


Ibid.., 


Ibid.. 
Ibid.. 


Had  the  appearance 
of  a  strong  flash. 

Unusual  brilliancy, 
and  was  very 
startling. 


Bright , 


It  rose 
in  sight  suddenly 
andvery  brilliant, 
remainedstation 
ary  for  upwards 
of  5  minutes,  then 
slowly  passed 
downwards. 


Ibid.., 
Ibid... 


Ibid.. 


Ibid.., 
Ibid.., 


Ibid.., 
Ibid.. 


J.  King  Watts. 

Id.. 

Id. 

Id. 

Id. 


Id. 

Id. 
Id. 


Id. 
Id. 

Id. 


Id. 
Id. 

Id. 

Id. 
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aa*o*i>**469f» 


Meteors  observed  1 


Date. 


1856. 
Aug.    2 


5 
31 


Oct.   18 

21 
28 
31 


Nov.  20 


Dec.  20 
9 


13  7 


18 
20 


1857, 
Jan.     9 


Hour. 


h    m 

12    4   a»m. 


12  10  Aim. 
9  0  pan. 
8  55  p.m. 


9  15  p.ra 

9  31  p.m, 

9  37  p-m. 

9  22  p.m. 


large  meteor 

9  p.m.  till 

10  p.m. 


7  40  p.m. 
9    0  p.m. 


2  20  a.m. 
1830  pm 


8  19  p.m. 
8  54  p.m. 
8  10  p.m. 


9  730  p.m. 
11  15  p.m. 


Appearance  and 

Magnitude. 


=  lst  mag.*.. 


«2nd  meg.* 
=3rd  mag.* 
=f  size  <[  ... 


=3rd  mag»* 
=2nd  mag.* 


8th  mag.*    

2nd  size  1st  mag.*  . 


Six  meteor*  above  3rd 
mag.* 


= 2nd  mag.* 
Very  small  ... 


=2nd  mag.*  

Larger  than  Saturn.. 


2nd  mag.* 
2nd  mag.* 
2nd  mag.* 


2nd  mag.* 
Large  


Brightness 
and  Colour. 


=  lst    mag.* 
red. 

GcJourless   ... 

Colourless 

Reddishyellow 


Blue.. 


Yellowish.. 


AU  colourless 


Colourless 


Yellowish., 
Yellowish., 


Colourless  .. 
Colourless  »u 
Yellowish... 


Train  or  Sparks. 


None 


Slow,duratknl! 


Streaks.u 

Streak... 
No  train 


Streak, 
Streak, 


Velocity  or 
Duration. 


Rapid 


Rapid,  duraiioai 

see. 
2  see ■ 


Streak. 


All  streaks 


Streak. 


Streak. 
Train  , 


Rapid  .. 
0*3  sec 


1£  sec,  alow  ~ 


Bxctcdiogtyi^ 


Rapid  


lutantaneoo 
Slowly,  duntin 


"\> 


Streak  . 
Streak  , 
Train    . 


Yellowish*..  »** 
Bluish  .. 


Train 


Yellow  tall 


Not  rapid., 
Moderate. 
Rapid  


Tolerably  rapid,  d 
ration  0*3  set. 
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J.  Low*,  £*q. 


Direction  or  Altitude. 


General  remarks* 


Place. 


Observer* 


Reference* 


red  horizon  tallyimmediately  Circular 
nder  Aries  and  Only  4°  above! 
lie  horizon.  ' 

down  from  q  Unas  Majoris  Two  meteors  close 
]    together. 

I  from  direction  of  T>olaris 

wards  Capella*  I 

rted  aft   p    Ophiuchi,  and  Rapidly   increased, 
atsed     midway      between     without  altering 
Serpentis  and  (  Ophiuchi, 
•ssing  across  No.  52  Ser- 
«ntis  and  fading  3°  lower. 


ibid.., 
Ibid... 


red  exactly  in  the  tame  path 
tithe  last 

m  «  Ursa  Majoris  towards 
ff.  aoriaoa  as  an  angle  of 

io3. 

m  No.  13  Delpbini  almost 

pcrpeDdlc.  down. 

>m  about  •  Cygni  passing  5' 

N.olAUalr. 


tperpendic.  down 


U  parpendic  down  from  £ 
betweea  Capella  and  •  Auriga. 
«w  path  as  the  last 


U  down  and  fading  at «  Unas 

Minorit. 

om  $  Auriga;  down  at  an  angle 
of  45°  towards  N.,  fading 
my  r  immediately  above  <t 


«pe«dic.  down  from  0  Cygni 

Own  from  i  Auriga) »...», 

ron  «  Andromeda  tip  towards 
zenith. 


««n  aDtteaate  downwards  at 
so  angle  of  Mr5  towards  W* 
i  S.E 


its  form,  from  3rd 
mag.*  to  f  size 
of  <C ,  and  sud- 
denly vanishing 
when  at  its  maxi- 
mum brightness. 


Seemed  very  near  Ibid. 

the  earth. 
Moonlight   ... 


Many  meteors . 


Many         meteors, 
mostly  in   Ursa 
Major,  Ursa  Mi 
nor,  and  Draco. 


Several  meteors 


Kite-shaped,  and 
had  manv  streaks 
left  which  linger- 
ted  and  seemed  to 
ignite  after  the 
meteor  had  pa 
ed  by.  Moved 
behind  several 
cirri* 


Stars  very  bright 
and  scintillating 
considerably. 


tlighfield  House* 


ibid..,. 


Ibid.. 
Ibid.. 


Beeston 


Ibid., 
Ibid.., 
ibid.., 


Ibid. 


Ibid... 
Ibid. . 
Ibid... 


Ibid.. 


Moon  bright,  but 
her  light  was 
nothing  whilst 
the  meteor  lasted 


Ibid.. 
Ibid» 

Ibid.., 


Ibid.. 


£.  JT.  Lowe 

Id , 

Id 

Id 

Id.    

Id 

Id 

Id 

Id 

Id 

Id 

Id.    .* 

Id 

Id 

Id M 

Id. , 


JL 


Broomfield 
House, 
Ashford,\Vick 
low. 


Mr.  Lowe'a  MS. 

Ibid. 
Ibid. 
Ibid. 


Id 

Id ». 

Id > 

Id.    

F.Wakefield,Esq. 


Ibid. 
Ibid. 

ibid. 

Ibid. 

Ibid. 
Ibid. 
Ibid. 

Ibid. 

Ibid. 
Ibid. 
Ibid. 

Ibid. 


Ibid. 

Ibid. 
Ibid. 


Ibid. 

Ibid. 
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BBPORT— 1857- 


Date. 


Hoar. 


Appearance  and 
Magnitude. 


Brightness 
and  Colour. 


Train  or  Sparks. 


Velocity  or 
Duration. 


1857. 
Feb.  26 


April  16 


h   m 

8  12  p.m 

11    3  p.m. 
11  36  p.m. 


-1st  mag.*., 


Bluish  , 


Train 


Rapid,  duratkwj 


3rd  mag.*  , 

8  times  size  of  % 


TAug. 


8  30  p.m.  =  1st  mag.*., 
10  30  p.m.  =^. 


Colourless 


Colourless   ... 
Colour    steel 
blue. 


Streak .[Rapid  . 

Leaving  a  long  train  of  Slowly, 
light  for  several  seconds. 


Streak 

Small  tail.. 


Slowly 
Slow, 
6  sees. 


f  The  August  meteors  have  been  badly  seen  here,  owing  to  much  cloud  on  the  one  hand,  and  a 
cricket-ball,  fell  N.  of  Nottingham.    It  is  probably  a  meteor,  and  has  been  promised  to  me :  the  pesj 

APPENDIX. 

No.  1. — Details  of  a  Meteorite  mentioned  in  a  former  Report,  which  fell  at 
Cirencester  in  1835.  Extract  of  a  letter  to  Prof.  Powell  from  Thos.  C. 
Brown,  Esq. 

"  Copy  of  a  notice  of  the  Meteorite  entered  in  the  Book  of  Donations  of 
the  Permanent  Library,  Cirencester,  by  the  late  Mr.  Arnold  Merrick,  Cura-     j 
tor  to  the  Museum. — *  A  specimen  of  a  meteorite  which  fell  about  half  a 
mile  from  Aldsworth  in  a  field  occupied  by  Mr.  Waine,  within  twenty  yards 
of  his  workmen,  who  were  sitting  against  a  wall  at  the  time,  on  the  4th  of     i 
August  1835,  a  sunny  afternoon  without  a  cloud.     A  meteor  was  seen  at     I 
Cirencester  proceeding  eastward,  and  a  remarkable  noise  was  heard  at  half- 
past  4  in  the  afternoon.     The  noise  was  heard  in  most  parts  adjacent. 

"  *  The  workmen  saw  no  unusual  light,  but  heard  the  aerolite  rush  through 
the  air,  and  felt  it  shake  the  ground  by  striking  it  with  great  violence.  It 
fell  on  a  swarth  of  oats,  and  drove  the  straw  before  it  down  into  the  earth 
for  six  inches,  till  opposed  by  rock.  When  the  men  got  it  up,  it  was  not  hot, 
but  the  part  of  the  surface  which  appeared  not  to  have  been  broken  was 
quite  black  and  soiled  the  fingers.  It  weighs  about  9270  grains.  It  contains 
a  great  deal  of  iron,  but  is  not  magnetic.     Its  specific  gravity  is  3*4. 

"  *  Mr.  Waine  states  that  a  shower  of  small  pieces  fell  about  half  a  mile 
south  of  the  spot  where  this  fell.  Children  thought  it  was  a  shower  of 
black  beetles,  and  held  out  their  hands  to  catch  them  as  they  fell.' 

"  My  niece,  Miss  Anna  Sophia  Brown,  now  Mrs.  Pooley,  about  4  p.m.  on 
the  same  day,  being  in  her  father's  garden  at  Cirencester,  perceived  a  meteor 
passing  from  W.  to  E.,  apparently  about  twice  the  height  of  Cirencester 
tower,  which  is  upwards  of  100  feet  high,  looking  like  a  copper  ball  larger 
than  an  orange  [?],  and  having  a  tail  or  stream  of  light  behind  it.  In  its 
passage  it  made  a  rumbling  noise  heard  by  many  persons,  reminding  her  of 
thunder,  and  the  people  of  the  town  marvelled  that  it  should  thunder  in  a 
serene  day  with  a  cloudless  sky.  On  the  same  day  at  Aldsworth,  13  miles 
E.  of  Cirencester,  the  meteoric  stone  fell,  the  particulars  of  which  are  before 
given*  "  Thos.  C.  Brown." 

No.  2. — From  the  Express,  Wednesday,  January  9, 1856. 
Remarkable  Meteor. — A  correspondent  writes,  under  date  Southampton, 
January  8, 1856 1— w  The  meteor  observed  here  yesterday  made  its  appear* 
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Direction  or  Altitude. 


General  remarks. 


Place. 


Observer. 


Reference. 


iy  perpendic  down,  incli 

ng  to  W.,  and    passing 

rough  Polaris. 

nwsrds  from  S.  of  Saturn. 

i  n  Unas  MajorU  to  10° 

Jow  the  nebula  in  Andro- 

eds. 

US.  near  horizon 

from  the  S.E.  towards  the 


Aurora  Borealia  ... 


Beeston 


E.  J.  Lowe . 


Ibid 

Highfield  House. 


Id 

Capt.  A.  S. 
Lowe. 


H 


Sky    clear,     after 
much  thunder  and 


Beeston   ... 

Broomfield 
House,  near 
Ashford,Wick- 
low. 


Mrs.  E.  J.  Lowe. 
F.Wakefield,Esq. 


Ibid. 


Ibid. 
Ibid. 


Ibid. 
Ibid. 


a  on  the  other. — On  Aug.  13th,  a  ball  as  smooth  and  round  as  a  billiard-ball,  and  larger  than  a 
found  it  concluded  it  was  a  thunderbolt. — E.  J.  Lows. 

ance  during  twilight.  It  descended  perpendicularly.  The  light  which 
heralded  the  fire-ball  was  at  first  not  unlike  the  streak  of  brilliant  sparks 
that  precedes  the  bursting  of  a  sky-rocket.  The  fire-ball  likewise  originated 
apparently  very  much  as  the  fire-balls  of  a  sky-rocket  originate,  from  some 
explosive  and  combustible  agency.  But  the  light  after  the  discharge  of  the 
fire-ball  became  gradually  whiter,  and  persons  who  looked  at  it  through  a 
telescope  saw  shioing  in  its  centre  what  appeared  like  a  star.  The  shape  of 
the  streak  or  band  of  light  was  not  unlike  the  blade  of  a  huge  Earning  sword 
suspended  in  the  heavens  with  the  flat  surface  towards  the  north.  That  its 
substance  was  remarkably  dense  and  firm  is  evident,  since  its  shape  was  un- 
altered and  its  edges  were  sharply  defined  for  more  than  five  minutes.  In 
fact,  so  stable  did  it  appear  in  the  heavens,  that  numbers  of  people  were 
overcome  with  wonder  and  dismay,  and  shed  tears.  After  a  time  it  became 
more  cloud-like  and  tenuous ;  its  edges  gave  out,  and  its  straight  and  perpen- 
dicular direction  became  less  firm.  At  one  time  its  colour  was  not  unlike 
the  very  white  steam  forced  from  a  boiler,  and  it  assumed  a  serpentine  form. 
Before  it  vanished,  however,  it  was  cloud-like  in  its  appearauce  and  move- 
ments. A  few  stars  were  visible  in  the  heavens  when  the  meteor  appeared." 
A  paragraph  in  the  Brighton  Examiner  shows  that  the  remarkable  meteor 
above  described  was  visible  in  that  town  : — 

"  About  five  o'clock  on  Monday  evening  a  very  brilliant  aud  extraordinary 
meteor  was  observed  by  several  of  the  inhabitants  over  the  sea  in  a  south- 
easterly direction.  The  ball,  apparently  of  fire,  was  exceedingly  splendid, 
leaving  a  brilliant  ribbon,  as  it  were,  behind  it,  as  bright  as  molten  silver. 
It  fell  nearly  perpendicularly,  the  ribbon  assuming  a  spiral  form,  till  it  finally 
vanished,  in  about  ten  minutes  after  its  first  appearance.  The  sky  at  the 
time  was  beautifully  clear  and  cloudless.  When  first  seen  it  was  considerably 
more  than  45  degrees  in  height,  and  extended  10  or  12  degrees." 

Another  Account — "A  very  beautiful  meteoric  phenomenon  was  ob- 
served in  the  S.S.W.  part  of  the  heavens  this  evening  just  after  five  o'clock. 
My  attention  was  first  arrested  by  the  appearance  of  a  very  brilliant  light 
darting  suddenly  towards  the  earth,  apparently  proceeding  from  a  star,  which, 
I  think,  is  the  planet  Jupiter,  at  present  an  evening  star,  taking  an  easterly 
direction.  My  first  impression  was  that  an  immense  6ky-rocket  had  been 
discharged  into  the  air,  but  instead  of  the  train  of  fire  proceeding  upwards, 
it  rapidly  descended  towards  the  earth,  or  rather  the  Channel,  for  it  must 
have  been  several  miles  from  land ;  and  as  if  extended  in  length,  lost  some 


lit  wow— 18*7. 

portion  of  its  brilliancy  and  became  nearly  stationary.  At  first  the  appear- 
ance was  like  a  long  oblique  line  of  fire,  which  gradually  swelled  out  towards 
'the  centre,  and  curved  itself  not  unlike  a  huge  gilded  serpent.  Its  apparent 
length  was  between  20  and  25  feet[?  J.  The  phenomenon  was  risible  aboot 
fifteen  miqutes — becoming  more  attenuated,  and  at  length  entirely  dissipated 
or  diffused  in  the  atmosphere." — Brighton  Examiner. 

"  To  the  Editor  of  the  Timet. 

"  Sib,— Having  just  witnessed  a  very  remarkable  meteor,  I  hasten  to  sead 
you  the  particulars  of  it  as  observed  from  this  place.  At  nine  minutes  to  5 
(4*51  P.Mn  or,  perhaps,  4h  51m  SO")  a  brilliant  ball  of  white  light  fell  from  a 
point  in  the  SAW.,  3°  or  4°  south  and  east  of  Jupiter.  It  grew  brighter  as 
it  fell,  but  did  not  appear  to  burst,  aud  vanished  about  12°  from  the  horizon ; 
its  course  was  nearly  perpendicular,  but  slightly  inclined  to  the  east.  It  left 
behind  it  a  brilliant  streak  of  white  light,  tapering  to  both  ends,  about  6°  in 
length,  which  immediately  assumed  a  curved  or  spiral  form,  exceedingly  hie 
a  serpent  rearing  itself  up.  The  middle  part  of  this  tapering  band  of  light 
gradually  expanded,  taking  the  form  of  small  fleckering  clouds  (jrirro-cumuli). 
This  became  gradually  more  curved,  or  rather  spiral,  and  the  whole  mass 
drifted  very  slowly  towards  the  south-east,  the  middle  part  having  apparently 
a  more  rapid  motion  than  the  extremities.  It  continued  distinctly  visible  for 
upwards  of  10  minutes*,  when  some  heavy  mist  clouds  drifting  up  from  the 
north-east  obseured  it.  Being  near  the  house,  I  got  out  an  astronomical 
telescope  with  a  glass  of  low  power,  but  was  unable  to  decide  whether  the 
light  seen  was  vapour  in  the  atmosphere  (which  it  much  resembled),  or  dif- 
fused nebulous  light, 

"  The  sky  at  the  time  the  meteor  appeared  was  perfectly  clear  and  bright 
with  the  rays  of  twilight.  Its  size  was  somewhat  difficult  to  estimate,  hot  I 
should  guess  it  at  about  four  times  the  apparent  diameter  of  Jupiter,  which 
was  close  at  hand. 

«  Whatever  wind  there  was  came  from  E.N.E.,  but  there  were  no  clouds 
in  the  upper  sky  to  indicate  the  direction  of  currents  there.  Not  the  slight* 
est  sound  was  perceptible.  The  point  at  which  it  first  became  visible  was, 
as  nearly  as  possible,  20°  above  the  horizon,  ascertained  by  an  altitude  circle. 
I  had  not  time  to  get  out  an  azimuth  instrument  to  verify  its  position  in 
azimuth ;  but  the  foregoing  particulars  may  be  useful  for  comparison,  as  it 
has,  doubtless,  been  observed  in  many  places. 

"  I  am,  Sir,  yours  faithfully, 

«*  Wver-Wll,  Seveneaks,  Jan.  8, 5*15  p.m."  <*  John  Rogers." 

"  To  the  Editor  of  the  Times. 

"  Sir,'— Nearly  due  south  a  meteor  of  a  most  remarkable  and  brilliant  cha- 
racter was  observed  this  evening.  The  sky  was  clear  overhead,  but  not 
bright,  and  there  arose  from  the  horizon,  to  the  height  of  about  10°,  black 
ana  Ragged  clouds.  A  falling  star  was  said  to  have  been  first  seen*  and  im- 
mediately afterwards  the  writer  had  an  uninterrupted  view  of  the  meteor, 
which  at  first  seemed  to  emerge  from  the  dark  clouds  in  a  strictly  vertical 
direction,  and  stretched  at  least  to  a  height  or  30°  from  the  horizon*  In  form 
its  first  appearance  was  that  of  a  wand,  and  it  gradually  tapered  at  the  cndf 
and  expanded  in  the  middle,  at  which  time  its  appearance  was  most  briiliaut, 
its  edges  distinct  and  smooth ;  and  it  was  of  such  intense  whiteness  as  to  seem 
an  opake  body,  though  bright  as  the  new  moon.  As  the  expansion  at  the 
centre  increased,  the  ends  were  bent  in  contrary  directions,  and  Hogarth* 
•  line  of  beauty'  was  inscribed  in  the  heavens  on  a  gigantic  scale. 

"  After  a  short  time  the  meteor  seemed  to  be  broken  at  regular  ia|s/vaj% 


A  CATALOGUE  OF  OBSERVATION^  QP  LUMINOUS  METEORS.     148 


aed  it  had  then  the  appearance  of  dislocated  vertebra.  At  this  lime  the> 
light  was  deep  yellow,  inclined  to  red, — probably  a  reflection  from  the  sun» 
not  far  below  the  horizon.  Its  edges  at  last  lost  their  charaoter,  its  light 
became  pale,  and  very  gradually  it  vanished  altogether  without  the  slightest 
noise  of  any  kind,  which  was  attentively  listened  for.  From  its  first  being 
noticed  to  its  final  disappearance,  a  period  of  about  ten  minutes  elapsed.  All 
the  changes  seemed  to  be  produced  slowly,  and  only  in  its  sudden  appearance 
had  it  at  all  the  character  of  a  gaseous  explosion. 

"I  remain,  Sir,  your  obedient  servant, 
" filackhealh,  Jan.  ?,  450  p.m."  «<T,  Kimbek/' 

No.  S. — A  paper  "  On  the  Horary  Variation  of  Meteors,"  by  G,  C. 
Bompas,  Esq.,  was  communicated  to  the  Royal  Astronomical  Society,  and 
of  which  an  abstract  appears  in  their  Notices  for  March  1857,  p«  H7. 

These  researches  relate  to  the  law,  and  to  the  probable  cause,  of  the  horary 
variation  in  the  number  of  meteors,  established  by  the  pbservations  of 
Coulvier-Gravier,  Saigey,  and  others.  (Recherches  sur  les  Etoiles  Filsntes, 
Paris,  1845,  and  Humboldt's  Cosmos,  iii.  440.) 

From  these  various  researches  the  following  table  gives  a  summary  of  the 
number  of  meteors  at  different  hours  of  the  night :~ 


Hoars  p.m.  ...... 

6  to  7 

7to8 

8  to  9 

9  to  10 

lutoll 

litol2 

Mean  No.  of  Meteors... 

3-3 

3-5 

37 

4 

45 

5 

Hours  a.m 

12tol 

lto2 

2to3 

3to4 

4to5 

5to6 

Mean  }fo.  of  Meteors... 

5*8 

6*4 

M 

7-8 

8 

8* 

It  thus  appears  that  from  6  p.m.  through  the  night  to  6  a.m.,  the  number 
or  meteors  seen  regularly  increases.  But  it  is  assumed  that  this  is  a  fair 
representation  of  the  number  actually  occurring,  or  which  would  be  seen,  if 
daylight  permitted,  In  those  hours  of  which  no  mention  is  made  in  the  obser- 
vations, a  circumstance  which  may  be  open  to  question. 

Again,  if  we  estimate  the  numbers  observed  as  coming  from  different 
quarters  of  the  heavens,  designating  the  numbers  which  come  from  the 
several  points  of  the  compass  by  those  initials  respectively,  then  the  average 
of  the  observations  gives — 

E.  greater  than  %  W. 
N.*=S.  nearly, 
butE.+W.*»N.+S. 

Coulvier-Gravier  observes,  "  But  for  the  cause  which  transfers  from  the 
West  to  the  East  nearly  one-half  the  number  due  to  each  of  these  directions, 
there  would  come  exactly  the  same  numbers  of  shooting  stars  from  the  four 
points  of  the  compass." 

He  does  not,  however,  appear  to  assign  what  that  cause  is. 

As  to  the  heights  of  meteors,  it  appears  that  the  greatest  heights  which 
have  been  ascertained  bear  but  a  very  small  proportion  to  the  earth's  radius. 
The  altitudes  of  the  greatest  number  lie  between  16  and  140  miles,  though 
some  reach  200  or  400  miles.  (See  Herschel's  Outlines,  90*.) 

The  velocities  of  meteors  have  been  variously  assigned  as  from  18  to  SS 
miles  per  second ;  but  some  have  been  90  miles.  (Hersohel,  ibid.) 

Boguslawsti  considers  that  5  out  of  6  have  a  velocity  about  double  that 
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of  the  earth  in  its  orbit,  which  he  takes  as  a  fair  average.  (£toiles  FHantes, 
p.  102.) 

Mr.  Bompas  observes,  that,  as  already  seen,  the  observations  indicate  a 
maximum  of  meteors  at  6  a.m.,  and  a  minimum  at  6  p.m.;  he  also  adverts 
to  the  fact,  that  the  part  of  the  heavens  towards -which  the  earth  is  moving 
at  any  time  is  always  90°  or  6h  from  the  direction  of  the  sun.  Thus  at  6  a.m. 
the  observer's  meridian  is  in  the  direction  of  the  earth's  motion,  and  at6p.M« 
in  the  opposite.  In  other  words,  the  law  is  this :  that  the  greatest  number  of 
meteors  is  encountered  when  the  observers  meridian  is  in  the  direction  of  the 
earth's  motion,  and  the  number  diminishes  thence  regularly  to  6  p.m.,  when 
he  looks  the  opposite  way. 

Combining  these  considerations  the  author  explains  the  facts  on  a  very 
simple  principle,  expressed  by  a  construction  of  which  the  essential  points  are 
here  represented. 

m,  m19  &c.  being  meteors  equally  distributed  in  space  would  converge  to  the 
earth  at  C  if  at  rest,  equally  on  all  sides. 
But  if  the  earth  move  in  the  direction 

-* EC  with  a  velocity  half  th^t  of  the 

average  velocity  of  the  meteors,  they  will 
converge  to  the  earth  at  £  half-way  from 
the  extremity  to  the  centre;  and  thus 
two-thirds  nearly  will  fall  on  the  side 
towards  C,  or  would  have  an  apparent 
motion  more  or  less  opposed  to  that  of 
the  earth,  and  diverging  from  the  point 
towards  which  the  earth  is  moving. 

The  author  gives  this  only  as  a  general  explanation  of  the  principle.  He 
admits  that  the  exact  amount  is  more  difficult  to'  determine,  and  will  chiefly 
depend  on  the  proper  velocity  of  meteors,  which  seems  at  present  not  well 
ascertained,  and  on  their  average  direction,  if  ascertainable.  It  will  also  be 
materially  affected  (as  he  points  out)  by  the  inclination  of  the  earth's  axis ; 
but  these  points  remain  for  further  investigation. 

Noi  4. — u  On  the  Colours  of  Luminous  Meteors,"  by  M.  A.  Poey,  Director 
of  the  Physical  and  Meteorological  Observatory  at  Havannah. 
(From  the  Coroptes  Rendus,  vols.  xliiL  and  xliv.) 

The  author  observes,  that,  being  much  interested  in  the  differences  of 
colour  of  luminous  meteors,  he  has  drawn  up  three  tables,  one  of  which 
comprehends  all  the  shooting  stars  and  globes  recorded  as  observed  in  China, 
the  second  those  observed  in  England  (including  some  other  countries),  and 
the  third  those  at  Paris.  For  the  first  table,  he  has  made  use  of  the  well- 
known  catalogue  by  Edouard  Biot  *  of  the  shooting  stars  and  globes  ob- 
served in  China  during  24*  centuries,  since  the  7th  century  before  Christ  to 
the  middle  of  the  17th  of  our  era.  For  the  second  table,  he  has  had 
recourse  to  catalogues  published  annually  in  England,  from  1841  to  1855, 
by  Prof.  Baden  Powell,  in  the  Reports  of  the  British  Association  for  the 
Advancement  of  Science.  Lastly,  for  the  third  table,  he  has  used  the  cata- 
logue of  shooting  globes  observed  at  Paris,  from  18*1  to  1853,  by  M.  Coul- 
vier-Gravier.  Thus  these  three  tables  together  comprise  2145  cases  of 
coloured  shooting  stars  and  globes  observed  in  these  several  localities.  With 
respect  to  coloured  shooting  stars  and  globes,  he  has  found  nothing  in  the 
catalogues  of  Messrs.  Quetelet,  Herrick,  Chasles  and  Perry.  In  the  three 
tables  is  given  the  monthly  distribution  of  the  different  colour  of  shooting 
*  M&noircs  des  Savants  Strangers,  vol  x.  pp.  189  and  415. 
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stars  and  globes.  This  notice  appears  to  the  author  important,  both  as 
regards  atmospherical  optics,  and  the  relative  dependences  which  may  exist 
between  particular  colours  and  the  appearances  or  modifications  of  other 
meteorological  phenomena,  as  well  as  the  variations  of  time  according  to 
the  seasons. 

(1)  Colours  of  shooting  stars  and  globes  observed  in  China  from  the  7th 
Century  b.c.  to  the  17th  a.d. 

(Comptes  Itendus,  vol.  xliii.,  Dec  15, 1856.) 


Colour. 


J 


i 


I 


I 


Red    

Whituhred  .... 
Yellowish  red    . 

Yellow  

Whitish  yellow. 
Reddish  yellow ... 

Bine  

Whitish  blue... 
Bluish  white ... 
Reddish  blue... 
Blackish  blue 
White    


Total 


51 

5 

525 

6 

5 

42 

5 

305 

20 
9 
3 

18 


994 


There  is  also  one  case  of  a  bluish-red  meteor,  one  of  a  bluish  one,  one 
of  blue  and  white,  one  of  yellow  and  blue,  two  of  whitish,  and  one  of  the 
colour  of  a  stork's  feather.  Total  1004  shooting  stars  and  globes  observed 
in  China  in  the  space  of  24  centuries. 

In  the  above  table,  it  appears  that  the  primitive  or  simple  colours  are  as 
rare  as  the  compound  colours  are  numerous ;  such  as  the  yellowish  red  and 
the  whitish  blue.  This  result  is  contrary  to  that  which  we  obtain  from  the 
table  of  observations  made  in  England,  where,  out  of  a  total  of  1065  coloured 
meteors,  326  are  of  a  pure  blue,  151  of  a  pure  yellow,  and  129  of  a  pure  red. 

It  is  an  important  fact,  that  in  the  1004  meteors  observed  in  China  during 
so  long  a  period  as  24  centuries,  we  do  not  find  a  single  indication  of  a  green 
shooting  star  or  globe.  This  circumstance  is  the  more  remarkable,  since  a 
scientific  English  observer,  Dr.  Buist,  had  already  stated  in  1849,  that  the 
finest  meteors  resembling  a  star  of  the  first  magnitude,  which  are  observed 
in  India,  are  generally  of  an  orange,  bluish,  or  greenish  colour.  In  the 
above  table  of  the  24  centuries  of  observations  in  China,  the  colours  orange 
and  greenish  are  entirely  wanting.  However,  in  the  1065  meteors  observed 
in  England,  there  are  78  of  a  pure  orange  colour,  and  33  cases  of  colours 
compounded  with  orange.  Then  there  are  5  meteors  of  a  pure  green,  and  8 
cases  .compounded  with  green.  In  the  catalogue  of  M.  Coulvier-Gravier, 
of  76  coloured  shooting  globes,  we  observe  8  cases  of  green  globes,  and  4  of 
globes  which  broke  up  into  green-coloured  fragments. 

(2)  Colours  of  shooting  stars  and  globes  observed  in  England  from  1841 
to  1855. 

(From  the  Comptes  Rendus,  ibid.  Bee.  29, 1856.) 

In  the  observations  made  in  China  given  in  the  preceding  table,  the  author 
1857.  * 
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observes  one  peculiarity  as  deserving  of  notice : — viz.  that  the  number  and 
constancy  of  the  same  tints  in  the  observations  of  one  period  or  dynasty 
differ  from  those  whether  in  the  preceding  or  succeeding  period.  The  same, 
he  says,  holds  good  with  respect  to  the  colours  observed  when  meteon 
explode,  whether  breaking  up  into  fragments  or  not 

In  making  his  inferences  from  the  titles  of  observations  in  China  as  well 
as  of  those  in  England  and  Paris,  the  author  excludes  those  cases  where  the 
body  of  the  meteor  and  its  train  exhibit  complementary  tints,  like  some  of 
the  double  stars  :  this  relation  of  tints  he  also  finds  in  many  cases  of  meteors 
which  break  up  into  fragments  as  compared  with  the  original  colour;  and  in 
meteors  simultaneously  accompanied  by  others,  as  well  as  in  the  coloured 
light  sometimes  projected  by  them  on  the  earth.  He  also  observes  that  the 
colour  often  changes  in  the  course  of  a  meteor  through  the  atmosphere, 
from  white  near  the  zenith  to  blue  near  the  horizon.  He  also  excludes  from 
his  comparisons  those  meteors  which  have  trains  of  the  same  colour  with  the 
body. 

Colours  of  meteors  observed  in  England  from  1841  to  1855  (including 
some  in  other  parts  of  the  world). 


Colour. 


Red    

Reddish 

Orange  

Orange-red    . 

YeUow  

Yellowish  .... 

Green 

Greenish    .... 

Blue  

Bluish    

Whitish  blue. 

White    

Whitish 

Diamond   .... 
Uncoloured  . 


Total 


£ 


1 


36 

13 

4 

4 

39 

5 

0 

0 

138 

23 
3 

45 
1 
1 
2 


i 


J 


I 


3 


129 

48 

78 

29 

151 

18 

5 

4 

326 

46 

11 

158 

7 

6 

24 


1040 


Besides  the  coloured  shooting  stars  and  globes  indicated  in  the  above  table, 
there  are  also  the  following: — reddish  white,  S  cases  in  April,  June,  and 
August;  orange-yellow,  2  cases  in  September  and  December;  slightly  orange 
tinged  with  white,  1  case  in  June;  yellowish  red,  1  case  in  December; 
greenish  white,  2  cases  in  November  and  December ;  greenish  blue,  1  case 
in  December ;  purple  and  green,  1  case  in  May ;  reddish  blue,  2  cases  in 
April  and  November ;  violet,  1  case  in  February;  pale  rose-coloured,  1  case 
in  November ;  purple,  2  cases  in  August  and  November ;  yellow  and  violet, 

1  case  in  September ;  orange  and  prismatic,  1  case  in  November;  coloured, 

2  cases  in  January  and  November;  dull-coloured,  1  case  in  September; 
brown,  1  case  in  September;  yellowish  white,  1  case  in  July ;  brilliant  white 
tinged  with  brown  and  silver,  1  case  in  August.  Total  1065  coloured  shoot- 
ing stars  and  globes  principally  observed  in  England  from  1840  to  1855. 

We  see  in  the  above  table  that  the  simple  or  primitive  colours  most 
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predominate,  and  that  the  compound  blue-coloured  meteors  are  twice  as 
numerous  as  those  of  a  pure  yellow  and  red  colour  ;  a  result  contrary  to  that 
obtained  from  the  preceding  observations  in  China.  We  observe  that  the 
meteors  comprised  in  the  tints  belonging  to  the  lower  part  of  the  spectrum, 
from  green  to  red,  are  in  number  465  cases,  while  those  comprised  io  the 
tints  of  the  upper  part  of  the  spectrum,  from  green  to  violet,  embrace  401 
cases.  Now,  in  applying  to  the  colouring  of  shooting  stars  and  globes  the 
theory  of  M.  Charles  Doppler  on  the  colour  of  single  fixed  stars,  of  the 
double  stars,  and  stars  periodically  variable,  it  would  be  necessary  to  con- 
clude from  the  facts,  that  64  coloured  meteors  have  been  moving  from  the 
observer,  from  the  moment  of  their  appearauce ;  supposing,  which  is  not 
always  the  case,  that  the  meteors  have  followed  the  right  line  which  joins 
them  with  the  eye  of  the  observer.  However,  on  the  other  hand,  meteors  of 
a  pore  blue,  which  are  of  an  ascending  tint  and  approach  towards  the  observer, 
are  twice  as  numerous  as  those  of  a  pure  red  and  yellow,  which  belong  to 
the  descending  tints  and  recede  from  the  observer.  According  to  the 
theory  of  M.  Doppler  on  the  colour  of  fixed  stars,  an  object  luminous  by 
itself,  or  from  a  borrowed  light,  increases  in  intensity  as  it  approaches  the 
observer,  while  the  colour  passes,  rapidly  ascending  from  white  to  green,  then, 
to  blue,  and  at  last  to  violet.  By  receding,  the  intensity  diminishes  in  all 
cases,  and  the  white  light  passes  successively  to  yellow,  to  orange,  and  at  last 
to  red.  Perhaps  we  ought  still  to  take  account,  in  the  colour  of  fixed  and 
shooting  stars,  of  the  differences  of  perception  and  appreciation  of  luminosity 
and  colour,  of  different  observers. 

(3)  Colours  of  shooting  stars  and  globes  observed  at  Paris  from  1841  to 
1843,  with  notices  of  trains,  fragments,  &c,  differently  coloured,  observed 
in  China  as  well  as  in  England. 

(from  the  Comptes  Bendus,  xliv.,  Jan.  12, 1857.) 
The  author  now  proceeds  to  give  a  list  of  coloured  shooting  globes  ob- 
served at  Paris  from  1841  to  1853  by  M.  Coulvier-Gravier*.  This  skilful 
observer  has  given  with  great  precision  as  many  as  three  or  even  four  suc- 
cessive shades  assumed  by  meteors  in  their  transit  through  the  air.  These 
tints  almost  entirely  follow  the  law  deduced  by  M.  Doppler f,  on  the  variation 
of  colour  of  a  luminous  point  in  motion.  The  greater  part  of  the  shooting 
globes  appear  blue  on  approaching  the  horizon  or  the  observer,  after  having 
passed  through  all  the  tints  corresponding  to  the  upper  part  of  the  spectrum. 
Some  terminate  with  red,  probably  in  receding  from  the  observer.  Besides 
the  law  of  M.  Doppler,  which  may  be  applied  to  the  colours  of  meteors,  we 
ought  still  to  take  account  of  the  particular  state  of  the  atmosphere  in  a 
twofold  point  of  view,  as  regards  electro-chemistry  and  the  modificators  of 
meteorological  agents. 

Colours  of  globe  meteors  observed  at  Paris  from  1841  to  1843. 

January. — Bluish ;  bluish  towards  the  horizon,  2  cases. 

February. — Bluish ;  bluish  towards  the  horizon,  2  cases  ;  fragments  yellow, 
red,  then  greenish-yellow  globe,  and  three  fragments  bluish  towards  the 
horizon. 

March. — Yellow-orange,  then  green ;  bluish  towards  the  horizon. 

April. — Bluish  towards  the  horizon ;  white,  orange-yellow,  orange,  then 
Wue-green. 

May — Bluish  towards  the  horizon ;  white,  then  bluish  towards  the  hori- 
zon ;  clear  yellow,  then  bluish  ;  clear  yellow,  then  yellow-orange. 

*  Anaalet  de  Chimie  et  de  Physique,  vol.  xl.  (January  1854). 
t  Repertoire  d'Optique  Moderne  de  M.  l'Abbe  Moigno,  3rd  part,  p.  U65-rl203.  . 
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June.— A  little  bluish;  bluish;  reddish  towards  the  horizon;  yellow; 
greenish  towards  the  horizon. 

July.— Bluish  towards  the  horizon,  4  cases;  very  white,  then  bluish 
towards  the  horizon ;  yellow,  green,  blue,  then  red;  fragments  greenish  yellow, 
bluish,  then  reddish  ;  fragments  clear  yellow,  then  yellow-red. 

August — Reddish,  2  cases  ;  bluish ;  bluish  towards  the  horizon,  6  cases; 
whitish,  then  blue  towards  the  horizon ;  whitish,  then  bluish  ;  very  white ; 
broke  itself  into  bluish  fragments  near  the  horizon. 

September. — Bluish  ;  bluish  towards  the  horizon,  4  cases ;  copper-red, 
then  bluish  towards  the  horizon  ;  yellow-red ;  then  bluish ;  reddish,  bluish, 
then  greenish  blue,  as  also  the  fragments. 

October. — Red  towards  the  horizon  ;  bluish  ;  bluish,  red,  then  greenish; 
brilliant  yellow,  then  yellow-red ;  copper-red,  white,  then  greenish  at  the 
horizon  ;  yellow,  bluish  yellow,  then  reddish  ;  clear  yellow,  then  copper-red. 

November. — Bluish,  2  cases ;  bluish  towards  the  horizon,  2  cases ;  frag* 
ments  bluish;  yellow-orange  towards  the  horizon;  fragments  yellow,  red, 
greenish  blue;  yellow-white,  yellow-orange,  then  greenish,  very  white,  being 
broken  into  fragments ;  two  only  passed  from  white  to  the  colour  of  red-hot 
iron;  reddish. 

December. — Reddish  towards  the  horizon ;  bluish  towards  the  horizon,  2 
cases;  bluish;  copper-yellow;  yellow,  then  bluish  towards  the  horizon; 
whitish,  then  blood-red. 

Total  of  coloured  shooting  globes,  76  cases. 

Globes  with  trains  differently  coloured  from  the  body. 

July.— Globe  bluish  towards  the  horizon,  with  a  deep  red  train ;  white, 
then  bluish,  with  a  remarkable  red-white  train  ;  white,  reddish,  then  bluish 
towards  the  horizon  with  reddish  train. 

August — Globe  bluish  towards  the  horizon  with  greenish  train. 

September. — Globe  very  brilliant  white,  with  train  reddish  on  the  west 
side,  greenish  in  the  middle,  and  whitish  on  the  east  side. 

Total  of  globes  with  different-coloured  trains,  5  cases. 

Globes  with  trains  similarly  coloured. 

July. — Greenish  train. 

August — Bluish  trains,  3  cases;  greenish  train. 

September. — Clear  yellow  train,  then  deep  red. 

October. — Very  white  train,  then  at  the  end  of  its  duration  of  a  less 
splendid  whiteness. 

November.— Reddish  trains,  then  greenish,  2  cases. 

December. — Reddish  train,  bluish,  then  greenish. 

Total  of  globes  with  uniquely-coloured  trains,  10  cases. 

The  author  states  that  these  meteors  correspond  to  the  period  of  the  ob- 
servations made  in  China  and  in  England  described  in  the  preceding  notices. 

Changes  of  colour. 

In  China. — April :  colour  of  fire,  then  white.    December :  red,  then  white. 

In  England. — February :  green,  red,  then  violet ;  globe  green,  red,  then 
violet  April :  red,  then  blue,  2  cases.  July  :  brilliant  orange-red,  almost 
white,  then  very  brilliant  red.  August :  reddish,  then  brilliant  blue.  Septem- 
ber :  straw  colour,  then  purple.  November :  orange,  then  orange-yellow* 
pale  orange,  and  after  15°  of  transit,  bluish. 

Shooting  stars  accompanied  by  coloured  tails  of  the  same  tints. 
In  China. — November :  red  star,  divided  itself  into  5  stars,  of  which  the 
first  had  a  red  tail* 
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In  England. — August :  blue  star,  bluish  train ;  stars  accompanied  by  trains 
differently  coloured. 

In  China.— Juue :  a  star  (with  a  train)  200°  in  length ;  had  the  front 
part  black,  the  termination  red,  and  the  middle  white. 

In  England. — February  :  a  brilliant  red  star  surrounded  with  the  tints  of 
the  rainbow,  with  a  bluish  train.  March  :  red  star,  train  blue.  April :  star 
surrounded  by  a  rich  colour  of  purple,  then  blue,  orange,  and  clear  yellow ; 
considerable  train,  clear  yellow.  July :  cream-coloured,  train  purplish  red 
in  the  centre  and  greenish  blue  at  the  latter  part;  blue  star,  train  of  pale 
red  sparks.  August:  bluish  white,  train  red.  September:  orange,  train 
red ;  brilliant  white,  reddish  train ;  blue,  then  brilliant  red,  throwing  out 
sparks  leaving  a  blue  mark,  visible  during  several  seconds. 

Shooting  stars  with  similarly  coloured  trains. 

In  China. — Trains  yellowish  red :  June,  July,  August,  and  November,  2 
cases  each ;  October  and  September,  I  case.  Yellow :  January,  1  case. 
Reddish  yellow:  May  and  October,  1  case.  Whitish  blue:  August  and 
October,  2  cases ;  February,  April,  May,  November,  and  December,  1  case. 
Reddish  blue :  June,  1  case.     Blue  and  yellow :  October,  1  case. 

In  England. — Red:  July,  1  case.  Reddish:  August,  1  case.  Blue: 
February,  April,  and  December,  1  case  each ;  August,  2  cases.  Bluish : 
November,  I  case.  Of  different  colours :  February,  I  case.  With  train  of 
pale  brilliant  sparks :  June,  1  case. 

Change  of  colour  of  stars  when  they  break  into  fragments. 

In  China  the  star  divided  itself  into  1  blue  and  2  red  stars ;  at  the  moment 
when  a  globe  of  fire  fell,  a  flame  appeared,  and  a  score  of  little  red  stars 
spouted  out  of  it.  This  case,  marked  by  M.  Abel  Resumat,  is  not  noticed 
by  M.  Biot. 

In  England. — March:  green  star,  fragments  red ;  white  star, gave  greenish 
and  red  flashes  in  exploding.  April :  bluish  red,  fragments  prismatic ;  star 
blue  at  the  moment  of  explosion.  July  :  yellow  or  pale  orange  star,  three 
dull  red  fragments.  October :  brilliant  globe  separated  into  fragments  with 
several  colours. 

Shooting  stars  accompanied  by  others  differently  coloured. 

In  China. — Winter  and  October :  one  red,  the  other  white,  2  cases.  No- 
vember :  one  yellow,  the  other  red.' 

In  England. — July:  fine  orange-red  globe,  followed  by  a  multitude  of 
little  bine  globes,  afterwards  purple. 

Stars  with  reflexions  of  a  different  colour. 
In  China. — July :  blue  star  threw  out  a  reddish  light  which  illuminated  the 
earth.    December :  reddish-blue  star,  ibid. ;  bluish  light. 

Various  other  effects. 
In  China. — October :  red  star,  whose  tail  changed  itself  into  a  bluish- 
white  vapour.     May  :  a  train  dispersed  itself  slowly  and  became  a  greenish- 
black  cloud.    A  tail  divided  itself  into  little  whitish-blue  stars. 

No.  5. — "A  Memoir  on  Meteorites  :  and  Description  of  five  new  Meteoric 
Irons,"  &c,  from  the  American  Journal  of  Science,  May  1855,  vol.  xix.,  by 
J*  Lawrance  Smith,  M.D.,  Professor  of  Chemistry  in  the  University  of  Louis- 
ville, U.S. 

In  this  communication  the  author  describes  in  detail  specimens  of  meteor- 
ites found  in  North  America— 2  in  Tennessee  and  3  in  Mexico.  Figures 
are  given  representing  their  general  appearance,  and  chemical  analyses  of 
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their  composition.  It  does  not  appear  that  any  of  them  were  seen  to  Tall,  or 
known  to  have  been  accompanied  by  any  meteoric  appearances,  except  in 
one  Instance,  in  which  a  very  vague  tradition  of  this  kind  is  mentioned. 
He  notices  their  irregular  and  fragmentary  form  and  crystalline  structure, 
which  he  conceives  evince  the  agency  of  intense  heat,  and  show  them  to  be 
fragments  of  larger  bodies. 

The  presence  of  metallic  iron  in  so  large  a  proportion  as  that  in  which  it 
is  found  with  respect  to  the  other  ingredients,  he  conceives  to  indicate  a 
proof  of  the  absence  of  oxygen  (in  its  gaseous  Btate,  or  in  that  of  water)  in 
the  body  from  which  the  fragments  are  derived. 

The  stony  portions  of  the  meteorites  resemble  exactly  volcanic  products; 
in  which  the  presence  of  iron  also  furnishes  a  point  of  analogy.  He  also 
comments  on  the  usual  presence  of  phosphorus,  which  is  derived  from  the 
mineral  Schreibersite,  constantly  occurring  in  these  masses*  The  metallic 
nickel,  cobalt  and  phosphorus  show  equally  the  absence  of  oxygen.  Carbou 
is  often  found,  contrary  to  the  assertion  of  some  observers. 

The  Schreibersite,  which  is  observed  as  almost  constantly  present,  the 
author  remarks,  is  wholly  peculiar  to  meteorites;  no  natural  phosphurct  of 
iron,  nickel,  or  other  metal  being  found  as  a  terrestrial  mineral. 

Hence  he  considers  meteorites  as  having  a  common  origin  exterior  to  the 
earth,  which  he  believes  to  be  from  the  lunar  volcanoes. 


Nickeliferous  iron  98*97 
Schreibersite  .     .     1*03 


Analyses. 
No.  1.  Meteorite  from  Tazewell  County,  Tennessee. 

Corresponding  to 

Iron 83*02 

Nickel 14*62 

Cobalt «5 

Copper -06 

Phosphorus *19 

Chlorine '02 

Sulphur -08 

Silica -8t 

Magnesia "24 


9957 
In  which  Nickeliferous  iron  contains — 

Iron     .....  82-59 

Nickel      ....  17-41 

100-00 
Schreibersite — 

Phosphorus   .     .     .  15-47 

Nickel 29-17 

Iron 55-36 


100-00 


No.  2. 


100-00 

Meteorite  from  Campbel 

I  County,  Tennessee 

Iron     . 

.     .     .    .    97-54 

Nickel . 

.    .     .     .      0-25 

Cobalt . 

.     .     .     .        -06 

Copper     . 

...  (a  trace) 

Carbon 

...       i-5 

Phosphorv 

is  .     .     .         -12 

Silica  . 

■     •     .     .       1-05 

100-52 
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No*  3.  Meteorite  from  Coahuila,  Mexico. 


Iron      .     .     . 

.    95'82 

Cobalt .... 

•35 

Nickel .    .    . 

3-18 

Copper     .     .     . 

(a  trace) 

Phosphorus    .    . 

•24 

99-59 

eteorite  from  Tucson,  Mexi 

Iron      ....    85a54 

Nickel.     .    .    . 

8-55 

Cobalt .     .    . 

-61 

Copper      .     .    . 

•03 

Phosphorus    .     . 

•12 

Chromic  oxide   . 

•21 

Magnesia  .     . 

2-04 

Silica    .    .     . 

3-02 

Alumina   .     .    . 

(a  trace) 

100-12 

Corresponding  to 

Nickeliferous  iron  98*45 

Schreibersite  •    ♦     1*55 


10O00 

Nickeliferous  iron  93*81 
Chromic  iron  .  .  a4I 
Schreibersite  .  .  *84 
Olivine  ....    5*06 


100-12 
No.  5.  From  Chihuahua,  Mexico.    Not  analysed. 

The  other  details  as  to  the  structure,  form,  physical  characters,  &c,  of 
these  meteorites  are  not  susceptible  of  abridgement.  But  they  all  present 
evident  marks  of  fusion  or  igneous  action ;  while  the  author's  inference  as  to 
the  fragmentary  nature  seems  somewhat  doubtful. 

"  Experiments  on  Light,  referring  to  the  apparent  magnitudes 
of  Luminous  Meteors." 
(Prof.  L.  Smith's  Memoir,  p.  30.) 
Id  the  author's  experiments  three  solid  bodies  in  a  state  of  vigorous  in- 
candescence were  used:  1st,  charcoal  points  transmitting  electricity;  2nd, 
lime  heated  by  the  oxy-hydrogen  blowpipe ;  3rd,  steel  in  a  state  of  incan- 
descence in  a  stream  of  oxygen  gas.     They  were  observed  on  a  clear  night 
at  different  distances ;  and  the  body  of  light  (without  the  bordering  rays) 
compared  with  the  disk  of  the  moon,  then  nearly  full,  at  45°  above  the  hori- 
zon.   The  results  are  given  in  the  following  table : — 


Actual 
diameter. 

Apparent 

diameter 

at  100  yards. 

Apparent 
diameter 
at  i  mile. 

Apparent 
diameter 
at }  mile. 

Carbon  points 

•3  inch 
'4  inch 
•2  inch 

i  diam.  of  3> 
\  diam.  of  3) 
i  diam.  of  3> 

3  times  2> 
2     do. 
1     do. 

*H  times) 
2      do. 
1      do. 

Lime  light • 

Incandescent  steel  globule 

If  then,  the  author  argues,  the  apparent  diameter  of  a  luminous  meteor  at 
a  given  distance  is  to  be  accepted  as  a  guide  for  calculating  the  real  size  of 
these  bodies,  they  would  be  (according  to  the  table  given  by  Prof.  Olmsted 
(Am.  Journ.  of  Science,  vol.  xxvi.  p.  155)  for  estimating  the  diameters  of 
meteors  in  comparison  with  the  moon), 

Charcoal  points 80  feet  diameter. 

Lime  light 50    „         „ 

Incandescent  steel  globule    25    „        „ 
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A  large  meteor  observed  at  Wilton  was  estimated  by  Mr.  E.  C.  Herrick 
(Am.  Journ.  of  Science,  vol.  xxxvii.  p.  ISO)  to  be  about  150  feet  in  diameter. 
It  appeared  to  increase  gradually  in  size  until  just  before  the  explosion,  when 
it  was  at  its  largest  apparent  magnitude  of  i  the  moon's  disk :  exploded  at 
25°  or  30°  altitude  with  a  heavy  report,  which  was  heard  SO  seconds  after 
the  explosion  was  seen.  One  or  more  of  the  observers  saw  fragments  descend 
to  the  ground.  When  it  exploded  it  was  three  or  four  miles  from  the  surface 
of  the  earth  ;  immediately  after  the  explosion  it  was  no  longer  visible.  The 
large  size  of  the  body  is  inferred  from  the  fact  of  its  appearing  £  of  the  moon's 
diameter  about  six  miles'  distance. 

After  the  experiments  above  recorded,  the  uncertainty  of  such  a  con- 
elusion  is  evident.  A  body  in  a  state  of  incandescence  might  exhibit  the 
apparent  diameter  of  the  Wilton  meteor  at  six  miles'  distance  and  not  be 
more  than  a  few  inches  or  afoot  in  actual  size,  according  to  the  intensity  of 
the  incandescence. 

It  ought  to  be  added  that  Mr.  Herrick  (in  the  paper  referred  to)  expressly 
allows  for  some  uncertainty  of  this  kind. 

The  author  further  instances  another  large  meteor  observed  at  Weston, 
and  estimated  by  the  same  kind  of  calculation  at  a  mile  and  a  half  in  dia- 
meter :  on  the  principle  of  these  experiments  it  need  not  have  been  more  than 
one  or  two  feet. 

No.  6.— Extract  of  a  Notice  of  a  Shooting  Star,  by  Prof.  C.  Piazzi  Smyth. 
From  the  Proceedings  of  the  Royal  Society  of  Edinburgh,  No.  34,  Feb.  5, 
1849. 

This  instance,  the  rare  one  of  an  ascending  shooting  star,  was  furnished 
by  Captain  W.  S.  Jacob,  Bombay  Engineers  ;  and  he  having  given  the  place 
where  the  body  first  appeared,  that  where  it  disappeared,  and  the  time,  with 
great  exactness,  it  was  considered  by  the  author  to  afford  a  good  case  for 
testing  the  theory  of  Sir  J.  Lubbock. 

Allowing  that  many  phenomena  of  an  atmospheric  kind  may  have  been 
confounded  with  true  shooting  stars,  still,  the  author  observes,  a  great  pro- 
portion are  undoubtedly  of  a  cosmical  nature,  and  belong  properly  to  astro- 
nomy ;  and  these  may  be  divided  into  two  classes  of  small  bodies.  1st,  Those 
which  are  circulating  round  the  sun  as  a  primary  ;  and,  2ndly,  Those  which 
are  revolving  round  the  earth  as  such.  The  first  we  may  occasionally  sec 
when  passing  near  them  in  their  orbits,  but  are  not  likely  to  come  within 
sight  of  the  same  again,  unless,  indeed,  they  approach  so  near  the  earth  as 
to  gravitate  towards  it  instead  of  the  sun,  and  so  become  satellites  or  shoot- 
ing stars  of  the  second  class. 

Sir  J.  Lubbock's  theory  is,  that  the  shooting  stars  shine  by  reflected  light, 
and  are  extinguished  by  entering  the  earth's  shadow ;  and  he  has  given  for- 
mulae on  this  supposition  for  computing  the  distance  of  the  body  from  the 
spectator  by  noting  the  place  in  the  sky  where,  and  the  time  when,  the  ex- 
tinction occurs. 

These  formulae  have  been  rendered  more  convenient  for  computation  by 
Mr.  Archibald  Smith,  Phil.  Mag.,  March  1849;  and,  computed  according 
to  them,  Captain  Jacob's  observation  gives,  for  the  distance  of  the  body  from 
the  observer,  1721  miles :  and  that  entry  into  the  earth's  shadow  was  the 
true  cause  of  the  disappearance,  is  borne  out  by  the  fact  that  the  direction 
of  motion  was  towards  the  axis  of  the  earth  s  shadow.  And,  on  account  of 
the  extremely  small  distance  of  the  body,  its  change  of  place  during  flight 
would  sufficiently  account  for  its  gradually  appearing  in  the  lower  part  of 
the  sky  when  coining  out  of  conjunction,  increasing  in  brilliancy  during  ib 
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flight  (reaching,  at  its  maximum,  the  brightness  of  Venus),  and  then  slowly 
vanishing  as  it  entered  first  the  penumbra  and  then  the  umbra  of  the  earth's 
shadow,  in  a  slanting  direction ;  and  lastly,  the  body  can  hardly  fail  of  being 
a  satellite,  as  its  distance  is  so  much  less  than  that  of  a  shooting  star,  which 
M.  Petit  of  Toulouse  has  pretty  well  identified  as  revolving  about  the  earth 
in  3b  20m,  or  at  about  3000  miles  from  the  surface. 

No.  7. — Letter  from  Dr.  Forstcr,  Times,  August  17,  1857. 
"  Extraordinary  Coloured  Meteors. 
«  To  the  Editor  of  the  Times. 

"  Sir, — I  venture  once  more  to  trespass  on  your  valuable  time  and  paper 
to  communicate  the  following  extraordinary  phenomena  to  the  public,  since, 
if  similar  meteors  should  have  been  seen  in  different  latitudes,  such  registers 
may  tend  to  useful  results,  as  well  as  to  solve  the  long-disputed  question  of 
the  cause  of  meteors.  Monday,  being  the  10th  of  August,  astronomers  were 
all  on  the  look-out  for  the  periodical  falling  stars.  I  began  my  watch  on  the 
9th,  when  some  few  brilliant  examples  occurred.  On  the  10th  they  were 
more  numerous,  as  also  on  the  11th  ;  but  on  the  12th,  that  is,  last  night,  they 
assumed  very  unusual  forms  and  colours.  Being  at  Ostend  I  returned  late 
to  a  good  position  above  the  sea,  and  watched  them  great  part  of  the  night. 
Many  hundreds  fell  in  various  directions,  but  particularly  towards  S.W.  and 
W.,  not  N.W.  as  usual.  They  did  not  in  general  move  fast  and  leave  the 
white  trains  behind  them,  as  is  usual,  but  descended  slowly  with  a  bright 
yellow  flame;  others  were  splendidly  crimson,  and  some  bright  blue  and 
purple.  This  fact  is  very  curious,  as  favouring  the  hypothesis  of  ignited 
gases,  adopted  by  M.  De  Luc  of  Geneva  ;  and  it  would  be  interesting  to 
ascertain  whether  this  coloration  of  the  meteors  has  been  observed  in  other 
places  far  from  the  influence  of  the  sea.  I  have  ascertained  that  during  the 
whole  of  this  month  meteors  have  been  numerous  all  along  the  Rhine  and 
in  Germany.  Such  numbers  have  not  fallen  since  the  10th  of  August,  1  fill, 
nor  have  we  any  record  of  such  a  quantity  as  on  the  present  occasion,  extend- 
ing over  four  days  consecutively,  and  exhibiting  such  very  brilliant  and 
diversified  tints  of  light. 

"  Collaterally  with  these  meteors  the  following  phaenomena  should  be 
noticed,  proving  the  highly  electric  state  of  the  air.  In  the  storm  which 
raged  in  Holland  on  the  5th  of  July,  the  hailstones  were  larger  than  pigeons' 
eggs,  and  broke  nearly  all  the  windows  in  Arnheim.  The  same  occurred  at 
Spa  on  the  5th  of  August,  when  every  pane  of  glass  exposed  to  the  hail  was 
beaten  to  pieces.  All  the  electrical  instruments  indicate  a  high  positive 
charge.  A  trombe  or  waterspout  was  witnessed  by  me  in  the  distance  on  the 
11th.  The  showers  have  not  cooled  the  air,  as  they  usually  do.  A  new 
weathercock  with  several  horizontal  and  vertical  fans  and  wheels,  which  I 
have  put  up  in  order  to  test  the  wind,  shows  that  the  varying  gales  have  not 
blown  horizontally,  but  slanting,  or  in  undulations,  and  the  thermometer  has 
risen  again  to  Indian  heat  All  these  circumstances  point  to  some  cause  of 
the  changes  of  temperature  not  at  all  depending  on  the  place  of  the  sun,  and 
which  future  observations  may  more  fully  develope,  if  astronomers  will  accu- 
rately observe  them  in  various  parts  of  the  world.  We  may  possibly  derive 
therefrom  what  has  long  been  a  desideratum  in  science — a  table  of  true  indi- 
cations of  the  changes  of  weather. 

"I  submit  all  or  any  of  these  observations  to  your  better  judgment  for 
insertion,  and  have  the  honour  to  remain, 

"  Your  obedient  servant, 
.''Bra**, Aug.  13."  " T.  Forstbr." 
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On  the  Adaptation  of  Suspension  Bridges  to  sustain  the  passage  of 
Railway  Trains.    By  C.  Vignoles,  CJZ.,  P.R.S. 

The  following  observations  are  submitted  to  the  British  Association  as  ap- 
pearing to  possess  sufficient  interest  for  discussion,  from  the  circumstance 
of  differences  of  opinion  amongst  civil  engineers  having  thrown  doubt  upon 
the  feasibility  of  applying  the  principle  of  suspension  to  the  purpose  of 
railway  transit 

But  the  practical  success  in  America  of  this  principle  on  a  large  scale 
may  be  quoted  as  an  example  in  its  favour,  and  is  a  striking  set-off  agaiost 
the  failure  in  this  country,  which  occurred  upwards  of  five-and-twenty  years 
ago,  under  circumstances  which  have  militated  against  any  attempt  to 
repeat  the  experiment.  Some  debate  on  this  question  took  place  in  the 
Institution  of  Civil  Engineers  of  London,  at  a  meeting  last  spring,  from  which 
many  engineers  were  absent ;  and  as  the  subject  was  on  the  intended  appli- 
cation of  a  suspension  bridge  to  carry  a  railway  across  a  navigable  river 
in  the  North  of  Ireland,  a  further  inquiry  may  not  be  wholly  uninteresting 
at  a  meeting  held  in  the  Irish  capital,  where  many  engineers  and  other 
practical  and  scientific  men  may  be  present,  and  who,  not  having  had  a  pre* 
vious  opportunity  of  joining  in  the  inquiry,  may  be  disposed  to  propound 
their  opinions. 

A  further  reason  for  bringing  the  subject  forward,  and  one  which  will 
naturally  create  a  more  extended  interest  in  the  discussion,  is,  that  the  recent 
events  in  India  cannot  fail  to  produce,  among  the  remedial  measures  to  be 
applied,  a  general  and  a  more  rapid  extension  of  railways,  even  to  the  most 
remote  parts  of  our  Asiatic  dominions,  and  in  the  course  of  this  extension 
many  rivers  of  great  breadth  must  be  bridged. 

It  is  desirable  to  condense  the  matter  into  a  few  salient  and  important 
points,  and  it  may  be  generally  assumed  that  the  whole  inquiry  is  comprised 
under  the  following  head**,  viz. — 

1st.  The  maximum  load  to  pass  the  bridge. 

2nd.  The  velocity  of  the  train.  And  these  being  given,  there  are  then 
to  be  determined — 

3rd.  The  strength  of  the  chains. 

4th.  The  rigidity  of  the  platform ;  which  having  been  duly  provided  for, 
the  additional  considerations  will  be  as  to— 

5th.  Prevention-  of  undulation,  vibration,  and  oscillation. 

1st  Maximum  load  to  pass  the  Bridge. — This  load  may  be  taken  as  equal 
to  the  weight  of  the  locomotive  engine  and  tender,  tfhd  of  as  many  carriages 
as  will  extend  on  a  single  line  of  railway  along  the  platform  of  one  whole 
opening  between  the  suspension  piers ;  to  the  consideration  of  such  a  single 
line  the  inquiry  may  be  confined. 

The  length  of  the  train,  and  consequently  the  weight  on  the  platform  of 
the  bridge,  will  therefore  be  in  proportion  to  the  span  or  opening.  The 
weight  of  an  engine  and  tender  may  be  taken,  speaking  roundly,  at  one  ton 
per  lineal  foot  of  the  railway  over  which  they  pass,  and  the  weight  of  loaded 
carriages  at  half  a  ton  per  lineal  foot  For  a  bridge  with  a  clear  opening 
of  400  feet,  the  weight  of  a  train  extending  the  whole  length  of  the  platform 
would  average  little  more  than  half  a  ton  per  lineal  foot ;  but  as  it  has  been 
generally  customary  to  compute  the  insistent  load  on  railway  bridges  at  one 
ton  per  lineal  foot  of  single  line,  this  weight  will  be  the  one  assumed. 

2nd.  Velocity  of  the  Train. — It  would  be  opening  too  wide  a  field  upon 
the  present  occasion  to  inquire  into  or  to  attempt  to  solve  the  complex 
problem  of  what  additional  gravitating  effect  is  produced  upon  railway 
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structures  by  the  percussive  action  of  trains  moving  at  different  velocities. 
It  must  be  admitted)  in  limine,  that  we  have  not  at  present  sufficient  justi- 
fication to  recommend  that  railway  trains  should  be  allowed  to  pass  over 
the  platforms  of  suspension  bridges  except  at  moderate  speed ;  nor,  as  a 
matter  of  every- day  practice,  should  the  locomotive  engine  be  allowed  to  act, 
except  slowly,  while  passing  over  such  a  bridge. 

With  these  limitations  of  speed,  and  of  action  of  the  driving-wheels,  of  the 
locomotive,  the  resistance  to  weight  which  must  be  provided  for  in  a  railway 
suspension  bridge,  need  not  be  more  than  to  meet  the  maximum  load  above 
assumed,  namely,  one  ton  per  lineal  foot  of  the  platform,  in  addition  to  the 
weight  of  the  platform  itself,  of  the  chains  and  their  accessories,  and  of  the 
suspension- rods,  all  of  which  are  matters  of  strict  calculation  dependent 
upon  the  span. 

3rd.  Strength  of  the  C/tains. — The  mathematical  theory  of  suspension 
bridges  has  been  so  fully  entered  into  by  the  best  foreign  and  English 
authors,  more  particularly  by  the  French,  amongst  whom  M.  Navier  is  the 
most  distinguished,  that  little  need  be  said  now,  except  to  give  the  best 
admitted  formula  for  calculation.  There  is  so  little  practical  difference  in 
the  form  of  the  curve  which  the  chain  of  a  suspension  bridge  assumes  when 
freely  suspended  without  a  load,  and  when  fully  loaded,  that  is,  the  difference 
in  form  between  a  catenary  and  a  parabola,  that  the  most  esteemed  writers 
on  this  subject  have,  by  common  consent,  agreed  to  consider  the  curve  of 
the  chain  of  such  a  bridge  to  be  a  parabola  rather  then  a  catenary,  on 
account  of  the  very  much  greater  simplicity  of  the  mathematical  calculations. 
Perhaps  it  may  not  be  irrelevant  to  enter  very  briefly  into  this. 

When  a  heavy  chain,  freely  suspended  from  two  fixed  points,  is  acted  on 
by  the  force  of  gravity  only,  the  form  of  curve  which  it  assumes  is  called 
the  catenary.  If,  however,  the  chain  be  loaded  with  weights,  distributed  in 
such  a  manner  that  for  each  unit  of  length  (ex.  gr.  for  each  foot),  measured 
along  the  horizontal  tangent  at  the  lowest  point  of  the  curve,  the  weights 
should  be  equal  to  each  other,  the  effect  of  such  a  distribution  is  to  cause 
the  curve  of  the  chain  to  approach  in  form  to  another  curve  called  the 
parabola*  If  the  distributed  weights  become  so  great  that  the  weight  of 
the  chain  may  be  neglected  in  comparison  with  them,  the  form  which  the 
curve  assumes  in  this  case  is  accurately  that  of  the  parabola. 

In  most,  if  not  all  ordinary  cases,  the  weight  of  the  chain  is,  however, 
never  inconsiderable  in  relation  to  that  of  the  platform  and  of  the  testing- 
load  together;  and  consequently  the  form  of  the  chain  is  never  exactly 
that  of  the  parabola,  ttifeugh  it  approaches  more  nearly  to  this  curve  than  to 
the  catenary ;  so  near,  that  for  all  practical  purposes  it  may  be  considered 
to  have  attained  that  form,  viz.  of  the  parabola. 

Io  the  case  where  the  curve  of  the  principal  openings  has  a  chord,  say 
for  instance  of  424  feet,  and  a  versed  sine  of  29£  feet,  or  the  proportion 
between  the  chord  and  versed  sine  of  between  14  and  15  to  1,  the  two 
curves  (catenary  and  parabola)  passing  through  the  points  determined  by 
these  conditions  approach  so  near  to  each  other  in  form,  that  their  greatest 
distance,  measured  in  a  vertical  line  intersecting  both  of  them,  is  only  0*6 
(S)5th)ofaninch. 

4th.  The  Rigidity  of  the  Platform. — This  is  perhaps  the  most  important 
point  of  the  subject,  and  has  probably  hitherto  been  least  considered,  and, 
strictly  speaking,  the  novelty  of  the  inquiry  is  confined  to  this  alone.  In 
all  the  earlier  examples  of  suspension  bridges,  the  object  of  the  engineer 
appears  to  have  been  to  construct  the  platform  as  light  as  possible.  In 
many  instances  this  was  carried  to  a  most  dangerous  extent ;  even  in  the 


n  **        tbetfen&  Strait,  the  platform  has 

^n  ,a  bridge  o^jad,  which  twisted  it  as  if  made  of 

1*  .^**P%jbf  ftv^Las  d*e  ^ret  engineer  who  perceived  the 

T  _ ^^^  f^2i£^S^22'53?--  **^T  ^©oMnitted  in  this  respect.    When  the 

r  ^£*r&    ^dbe*a  ^^ad  tee*1  destroyed  about  twelve  or  fourteen 

^f^^^J^Bt^^^dtbe  platform   and   stiffened  it  by  bracings 

^^tsi00  bhe*eC  °ustTliCt%ce  remained  uninjured.     This  principle  of 

lS*V%r  %at  li  ^^/piatform  was  carried  out  to  a  greater  extent  by 

Id  etf**11^?  the  saf^aUons  at  the  bridge  over  the  Dnieper  at  Kieff,  in 

9t#a&^of  t^L&sfd  resistance  of  this  well-braced  platform  to  the 

***  writf!od  ^e  5Ui^ds,  and  to  vibration,  oscillation,  and  undulation,  has 


**     rerf  re0B[am  te>  tna*  tne  platform  of  a  suspension  bridge  intended  to 

^fbe  desi^\^j  train  should  be  made  as  stiff  as  possible ;  and  the  first 

so3t*ia  *  deration  is,  how  is  this  stiffness  or  rigidity  to  be  best  obtained  ? 

***"  Ji^n  vhich  this  has  been  effected  in  the  great  Niagara  suspension 

The  m.oa  the  system  of  a  deep  trellis  frame, — in  fact,  a  timber  tube,  the 

bridt&f^hich  are  of  lattice- work,  the  railway  passing  on  the  top. 

*Mf*  ?  generally  understood,  and  a  print  published  at  the  time  seems  to 

firm  wis,  that  the  oiiginal  intention  of  Mr.  Stephenson  was  to  Lave 

CMed  suspension  chains  for  supporting  the  tubular  platform  of  the  Britannia 

nidge,  although  that  intention  was  subsequently  abandoned,  and  the  tubes 

ftfule  sufficiently  stiff  not  to  require  their  assistance. 

Another  great  point  in  this  discussion  seems  to  relate  to  the  adapting  of 
suspension  bridges  for  passing  railway  trains  in  localities  and  under  circum- 
stances where  fixed  bridges  coujd  not  be  erected  except  at  an  unjustifiable 
expense,  or  not  at  all,  from  the  onerous  conditions  naturally  or  judicially 
imposed. 

According  to  the  locality,  timber  or  iron  may  be  best  suited  for  con- 
structing the  platform,  the  platform  being  made  as  deep  and  as  stiff  as 
possible,  and  thus  becoming  a  girder  held  up  by  suspension  chains ;  and  the 
stiffness  being  augmented  by  the  increased  depth  of  framing,  it  will  be 
advisable  that  the  rails  should  be  attached  thereto  as  high  up  as  practicable. 
But  the  weight  of  the  platform  must  be  kept  within  reasonable  limits,  to 
avoid  too  great  an  increase  in  the  sectional  area  and  weight  of  the  chains, 
which  would  otherwise  become  necessary ;  and  further  precautions  have  to 
be  taken  as  regards  the  distribution  of  the  load  on  the  platform,  and  to  guard 
against  oscillation  and  undulation,  for  all  which  due  consideration  must  be 
given  as  to  the  proper  breadth  of  the  platform.        * 

The  weight  of  the  platform  of  an  ordinary  suspension  bridge  was  formerly 
scarcely  more  than  36  lbs.  to  the  square  foot  of  the  area  of  the  whole  platform ; 
the  present  weight  of  the  Menai  Bridge  platform,  after  having  been  strength- 
ened, is  about  3&£  lbs.  to  the  square  foot;  the  weight  of  the  platform  of  the 
Montrose  Bridge,  as  reconstructed  by  Mr.  Rendel,  is  41  £  lbs.  to  the  square 
foot ;  and  the  weight  of  the  platform  of  the  Kieff  Bridge  is  49±  lbs.  to  the 
square  foot,  including  the  two  footpaths  which  are  corbelled  out  from  the 
main  part  of  the  framing;  but  the  weight  of  that  part  of  the  platform 
between  the  chains,  and  which  sustains  the  roadway,  is  about  60  lbs.  to  the 
square  foot  The  ordinary  test-load  for  a  suspension  bridge  was  about 
62  lbs.  to  the  square  foot ;  the  proof-load  put  upon  the  Kieff  Bridge  was 
really  about  84  lbs.  to  the  square  foot 

Now  a  railway-load  passing  over  a  suspension  bridge  being  taken  at  one 
ton  per  foot  forward,  the  weight  per  square  foot  upon  the  platform  will 
vary  as  the  breadth  of  the  bridge :  if  the  bridge  be  20  feet,  the  passing  load 


ON  RAILWAY  8USPBN8ION  BRIDGEsif  \)  ]\  i    4      ^13? 

will  be  one  cwt,  or  112  lbs.  to  the  square  foot;  if  27  feet Nw^5U  iir3li.ua* 
83  lbs. ;  and  if  30  feet  wide,  75  lbs.  to  the  square  foot.  The ifefrikBiidge 
is  524  feet  wide,  and  therefore  a  passing  load  of  one  ton  per  lineal  foot 
spread  over  this  area,  is  only  43  lbs.  per  square  foot,  whereas  the  test-load 
was  84?  lbs.  to  the  square  foot,  which  is  about  double  what  would  have  been 
the  weight  of  the  heaviest  railway  train ;  or  taking  42  feet,  exclusive  of 
footpaths,  the  railway-load  would  have  been  52  lbs.  per  square  foot,  or  less 
than  two- thirds  of  the  test-load,  which,  it  may  be  remarked,  has  remained 
on  forty-eight  hours  without  the  platform  showing  any  deflection  visible  to 
the  eye,  although  some  deflection  really  took  place. 

It  appears  therefore  most  undoubted,  that  suspension  bridges  of  modern 
construction  may  be  perfectly  adapted  to  sustain  the  passage  of  railway 
trains,  and  that  the  chief  consideration  has  to  be  given  to  the  character  and 
dimensions  of  the  platform ;  and  as  a  general  rule  I  would  suggest,  that  not- 
withstanding the  advantage  to  be  gained  by  depth,  this  should  not  be  carried 
too  far,  more  especially  if  the  lattice-girder  system  be  adopted,  as  it  presents 
too  much  surface  to  the  wind,  and  thus  induces  increased  lateral  oscillation. 
Also,  that  the  breadth  of  the  platform  for  a  single  line  should  not  be  less 
than  25  feet,  in  order  to  spread  the  load  and  reduce  the  iusistent  weight  per 
square  foot  of  platform. 

It  might  be  interesting  to  establish  a  comparison  of  the  expense  of  various 
descriptions  of  platform,  but  this  would  lead  too  much  into  detail,  and  the 
materials  for  this  purpose  have  yet  to  be  collected.  Still,  as  a  contribution, 
and  by  way  of  illustration,  the  present  opportunity  may  be  taken  to  state 
the  cost  of  the  platform  of  the  Kieff  Bridge,  already  mentioned  as  so  re- 
markably stiff,  and  capable  of  sustaining  the  transit  of  a  railway  train. 

In  a  length  of  12  feet  of  the  whole  breadth  of  52£  feet  of  the  platform, 
the  quantity  of  materials  was  as  follows : — 

Timber,  600  cubic  feet  £150    0    0 

Iron,  30  cwt   30    0    0 


Total...  £180    0    0 

for  a  length  of  12  feet,  or  £15  per  lineal  foot  of  the  whole  breadth  of  the 
platform,  which  is  something  less  than  six  shillings  per  square  foot  of  a 
platform  such  as  that  at  Kieff  (of  which  the  drawings  were  shown). 

5th.  Prevention  of  Undulation,  fyc. — The  effects  upon  a  suspension  bridge 
of  passing  loads  and  of  strong  winds,  cause  vibration,  oscillation,  and  un- 
dulation. Of  these,  the^undulation  is  considered  to  be  the  most  serious. 
The  vibration  may  be  assumed  as  produced  by  what  may  be  called  the  per- 
cussive action  of  the  passing  load,  and  when  the  platform  is  not  sufficiently 
stiff,  and  the  passing  action  is  irregular  over  the  surface,  as,  for  instance,  by 
the  impetuous  rush  of  a  drove  of  cattle,  or  of  a  multitude  of  people,  oscil- 
lation and  undulation  ensue ;  the  first  producing  a  lateral  swing  of  the 
platform,  the  latter  arising  from  the  bending  of  the  platform  in  its  longi- 
tudinal direction. 

The  remedy  for  vibration  and  oscillation  is  provided  by  a  sufficiency  of 
stiffness,  not  to  say  absolute  rigidity,  in  the  platform,  which  will  also,  to  a 
certain  extent,  counteract  the  propagation  of  the  undulation,  but  not  entirely. 

The  experience,  however,  of  four  years  on  the  Kieff  Bridge,  has  proved 
that  the  mode  adopted  in  that  construction  of  disposing  the  suspension  rods 
alternately  (in  the  manner  shown  on  the  exhibited  drawings)  has  completely 
counteracted  the  undulation ;  and  many  very  heavily-laden  carriages  together, 
—artillery,  cavalry,  and  large  bodies  of  troops,— have  been  continually 
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passed  over  the  platform  of  this  bridge  without  the  slightest  undulatory  or 
oscillating  motion  having  been  produced. 

We  are  hence  enabled  to  infer,  without  looking  to  improvements  in  detail 
which  will  naturally  be  introduced,  that  a  platform  so  constructed  and  so 
suspended  as  the  one  at  Kieff,  is  capable  of  sustaining  the  passage  of  railway 
trains  at  a  moderate  velocity,  and  within  a  reasonable  cost  of  construction; 
and  taking  the  example  of  the  wire  bridge  in  America,  and  of  this  wrought- 
iron  chain  bridge  in  Russia,  it  may  be  legitimately  concluded,  that  the 
adapting  of  suspension  bridges  to  railway  purposes  is  perfectly  practicable. 

The  extent  to  which  this  application  may  be  made  can  scarcely  be  defined 
d  priori,  but  the  writer  ventures,  from  his  own  experience,  to  state  his 
opinion,  that  where  the  span  of  the  required  bridge  must  exceed  300  feet, 
the  suspension  principle  should  be  adopted  for  the  sake  of  economy. 

It  would  be  extending  these  observations  far  beyond  the  bounds  assigned 
to  such  meetings  as  these,  to  go  further  into  the  details,  and  therefore,  how- 
ever tempting  the  opportunity,  we  must  abstain  from  entering  upon  the 
subject  of  the  modern  mode  of  obtaining  foundations  and  forming  river* 
piers,  which  mode  would  greatly  influence  any  selection  between  a  fixed  or 
a  suspension  bridge.  Neither  must  we  even  touch  upon  the  choice  between 
the  wire-rope  and  the  wrought- iron  plate  chain,  as  the  means  of  suspending 
the  platform,  though  it  is  obvious  that  where  the  span  becomes  very  large, 
the  superior  lightness  of  the  wire  is  a  great  inducement  to  decide  the  pre 
ference  for  it  over  the  wrought  iron. 

The  proportion  between  the  chord  and  the  versed  sine  of  the  curve  of  the 
suspending  chain  is  another  point  of  the  highest  interest,  as  relating  to  the 
questions  of  more  or  less  oscillation,  and  of  increase  or  decrease  in  the 
amount  of  tension,  as  this  proportion  varies. 

It  is  sufficient  to  have  brought  the  general  subject  of  the  practicability  of 
adapting  suspension  bridges  to  sustain  the  passage  of  railway  trains  before 
the  Mechanical  Section  of  the  British  Association ;  and  it  is  to  be  hoped 
that  this  opportunity  will  not  pass  away  without  engineers  and  the  other 
scientific  and  practical  men  now  assembled,  bringing,  their  judgement  and 
experience  to  an  examination  of  this  very  important  question. 


On  Electro-chemistry.    By  Professor  W.  A.  Miller,  M.D.,  F.R.S. 

In  reporting  upon  the  recent  progress  of  electro- chemical  research,  the 
author  stated  that  the  inquiries  made  of  late  years  in  the  field  of  electro- 
chemistry were  characterized  rather  by  modifications  of  the  laws  previously 
admitted,  than  by  any  fundamental  additions  to  the  existing  stock  of  know- 
ledge upon  the  subject. 

Faraday's  observations  on  the  exceptional  conducting  power  of  solid  sul- 
phide of  silver,  and  one  or  two  other  substances  when  heated,  had  been 
traced,  by  the  researches  of  Beetz  and  Hittorf,  to  true  electrolytic  decompo- 
sition, which  is  rendered  possible  by  the  somewhat  viscous  condition  pro- 
duced by  heating  these  bodies.  The  true  electrolytic  nature  of  the  decompo- 
sition was  proved,  first  by  the  rise  in  conducting  power,  occasioned  by  rise 
of  temperature  (whereas  in  metals  the  effect  is  exactly  the  reverse) ;  and 
secondly  by  the  effects  of  polarization  observed  upon  the  electrodes  between 
which  such  bodies  arc  placed. 

Allusion  was  then  made  to  the  experiments  by  Bunsen  on  the  insulation 
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of  metallic  bodies  by  electricity ;  in  the  course  of  which  he  had  shown  that 
in  many  instances,  as  in  the  decomposition  of  a  solution  of  sesquichloride  of 
chromium,  the  deposit  upon  the  negative  electrode  could  be  made  to  assume 
the  metallic  form  by  reducing  the  surface  of  this  plate  to  dimensions  consi- 
derably smaller  than  those  of  the  positive  electrode,  a  result  probably  owing 
in  part  to  the  secondary  decomposition  produced  in  the  limited  portion  of 
liquid  around  the  wire,  whereby  the  sesquichloride  was  reduced  to  the  proto- 
cbloride  of  chromium  and  subsequently  the  metal  itself  was  deposited.  This 
view  was  rendered  probable  by  observing  the  effects  obtained  during  the 
electrolysis  of  sesquichloride  of  iron,  in  which  these  successive  steps  could  be 
distinctly  observed.  In  cases  in  which,  like  the  chloride  of  manganese,  the 
compound  was  already  in  the  condition  of  protochloride,  it  was  unimportant 
whether  or  not  the  negative  electrode  presented  a  smaller  area  than  the 
positive  electrode.  Attention  was  called  to  the  fact  pointed  out  by  Faraday 
of  the  non-existence  of  more  than  one  electrolyte  in  a  multiple  series ;  thus 
in  the  case  of  the  two  chlorides  of  tin,  the  fused  protochloride  is  an  electro- 
lyte, but  the  bichloride,  although  a  liquid  at  ordinary  temperatures,  is  not  an 
electrolyte  if  anhydrous.  Yet  the  bichloride  when  dissolved  in  Water,  itself 
also  not  an  electrolyte,  conducts  freely;  and  a  similar  result  is  obtained  in 
other  analogous  cases. 

Referring  to  the  decomposition  of  salts  in  solution,  the  bearings  of  elec- 
trolysis upon  Davy's  binary  theory  of  the  composition  of  salts  were  briefly 
alluded  to,  and  some  of  the  difficulties  attending  the  adoption  of  this  theory 
in  the  case  of  the  subsalts  were  mentioned ;  these  facts,  taken  in  conjunction 
with  those  already  alluded  to  in  the  case  of  the  bichloride  of  tin,  leading  the 
author  rather  to  the  view  that  a  salt  is  to  be  regarded  as  a  whole,  susceptible 
of  decomposition  in  various  modes  (just  as  a  crystal  may  admit  of  cleavage 
in  two  or  three  different  directions  according  to  the  method  in  which  the 
force  is  applied),  and  therefore  admitting  of  representation  under  two  or  three 
different  rational  formulae,  each  of  which  may,  under  particular  circumstances, 
be  advantageously  employed. 


Results  of  Thermometrical  Observations  made  at  the €  Plover's '  Winter- 
ing-place,  Point  Barrow,  latitude  71°  21'  N.,  long.  156°  17'  W.y 
in  1852-54.  By  John  Simpson,  Esq.,  R.N.,  F.R.C.S.,  F.R.G.S., 
Surgeon  qfH.M.S.  'Plover.9 

[With  a  Plate.] 
At  p,  S31  of  the  ninth  volume  of  the  'Royal  Geographical  Society's  Journal/ 
1839,  Sir  J.  Richardson,  in  reference  to  Sir  David  Brewster's  discussions  of 
an  hourly  register  of  the  temperature  at  Leith  Fort,  says : — 

"  Convinced  of  the  importance  of  investigating  the  phaenomena  of  diurnal 
temperature  in  various  latitudes,  I  have  thought  that  a  discussion  of  the 
thermometrical  observations  made  on  Sir  E.  Parry's  several  voyages  would 
be  a  service  rendered  to  science."  Following  the  lead  thus  indicated,  it  has 
appeared  to  me  that  the  results  of  the  observations  made  at  Point  Barrow 
would  be  a  valuable  though  small  addition  to  those  given  by  Sir  J.  Richard- 
son, to  whose  form  of  tables  I  have  adhered,  only  making  additions,  as  the 
mean6  of  the  decades  or  three  divisions  of  each  month,  where  I  thought  this 
could  be  done  without  marring  the  original  purpose  of  the  table. 

The  observations  now  offered  were  made  with  great  accuracy,  and  possess 
the  advantage  of  having  been  registered  every  hour  at  one  spot  from  the  3rd 
of  September  1852  to  the  7th  of  August  1853,  and  for  a  few  days  before 
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and  after  these  dates  in  the  neighbourhood,  making  a  complete  year,  less  21 
days.  Again,  in  precisely  the  same  locality,  from  the  7th  of  September  1853 
to  the  19th  of  July  1854,  to  which  have  been  added  the  six  first  days  of  Sep- 
tember, and  one  day,  the  20th  of  July,  during  which  the  ship  was  in  tVe  im- 
mediate neighbourhood,  making  a  second  complete  year,  less  42  days.  The 
ship  returned  again  to  the  same  spot  on  the  27th  of  August  1854,  and 
remained  four  whole  days,  for  which  the  hourly  register  gave  a  mean  tempe- 
rature of  39°*448,  serving  as  a  fair  guide  in  estimating  the  temperature  of  the 
last  eleven  days  of  August,  which  accordingly  has  been  assumed  to  be  39°*448, 
thus  reducing  the  interval  in  the  last  year  to  thirty-one  days. 

To  fill  up  the  interval  of  twenty-one  days'  absence  in  1853,  the  mean  tern- 
perature  of  these  has  been  assumed  at  something  between  the  decades  last 
preceding  and  first  following  that  period.  Thus,  the  first  ten  days  of  August 
giving  a  mean  of  38°*441,  and  the  first  ten  of  September  giving  a  mean  of 
32°'146,  the  second  and  third  decades  of  August  have  been  assumed  as  37" 
and  35°  respectively.  In  the  same  manner,  to  fill  up  the  interval  of  thirty-one 
days  in  the  summer  of  1854,  the  second  decade  of  July  giving  a  mean  of 
38  °287,  the  mean  of  the  last  eleven  days  is  assumed  to  be  3£r.  The  last 
eleven  days  of  August  having  been  calculated  to  give  a  mean  of  39°*448,  as 
already  stated,  the  intervening  two  decades  can,  without  much  risk  of  error, 
be  assumed  at  40°. 

The  thermometers  used  throughout  the  period  of  observation  were  made 
by  Adie  and  Co.  of  Edinburgh,  in  February  1848 ;  and  having  been  returned 
to  the  Hydrographer's  Office,  Admiralty,  in  April  1855, 1  have  no  doubt 
some  of  them  could  be  obtained  there,  if  required  for  comparison  with  anj 
acknowledged  standard.  There  were  six  of  them,  numbered  from  10  to 
15,  and  remarkably  alike  in  appearance  and  size.  To  each  was  attached  a 
graduated  glass  scale,  on  which,  besides  the  number,  was  cut  the  makers 
name.  On  application  at  Messrs.  Adie's  establishment,  Edinburgh,  I  ob- 
tained the  following  information  as  to  their  mode  of  construction : — 

"For  spirit  thermometers  constructed  February  1848, — 

Before  use,  colourless  alcohol,  sp.  gr.  -79465. 
Before  use,  coloured        „  „     *79537. 

After  use,         „  „  „     "79541. 

"  Points  fixed  from  standard  inercu  ry  thermometer  62°  and  32°.  Scale  then 
run  down  to  —56°." 

They  were  on  several  occasions  exposed  together  to  different  degrees  of 
cold,  and  were  very  uniform  in  their  indications  down  to  the  lowest  tempera- 
tures registered.     Subjoined  is  a  table  of  thermometers  compared  (p.  161)* 

It  appears  from  this  Table  that  five  of  the  instruments  by  Adie  indicated 
!  a  mean  of  35°*5  nearly  as  the  freezing-point  of  mercury,  whilst  that  by  Cos 

of  Devonport  stood  at  —41°,  and  that  by  Pastorelli  at  —48°. 

Pastorelli,  No.  419,  had  an  error  of  — 1°*5  at  the  freezing-point  of  water; 
and  at  our  lowest  temperature  its  indications  were  13°  below  Adie's. 

Cox's  thermometer,  No.  1,  had  an  error  of  2°  at  the  freezing-point  of  water, 

|  but  at  lower  temperatures  corresponded  much  more  nearly  with  Adie's.  Like 

Pastorelli's,  however,  it  had  the  disadvantage  of  a  heavy  box-wood  scale,  pre- 

j  venting  it  from  indicating  rapid  changes  of  temperature,  which  the  glass  scales 

of  Adie's  instruments  permitted.     Both  these  were  rejected  for  ordinary  use* 

The  mercurial  thermometer  used  as  a  standard  was  Pastorelli,  No.  406. 
This  also  had  a  heavy  box- wood  scale,  but  I  believe  was  otherwise  a  good  in- 
strument, and,  if  sufficiently  long  exposed  to  a  uniform  temperature,  could 
be  trusted  as  low  as  32°  below  the  zero  of  Fahrenheit    At  that  point  the 
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tube  seemed  to  become  irregular;  and  on  solidifying,  the  mercury  sank  c 
pletely  into  the  bulb. 

A  curious  circumstance  happened  with  this  instrument  on  one  occasion. 
Believing  the  quicksilver  in  it  to  be  pure,  I  placed  it  beside  one  of  Adie's,  ex- 
posed to  the  air  at  a  temperature  about  the  freezing-point  of  mercury,  for  the 
purpose  of  ascertaining  the  exact  degree  indicated  by  Adie's  at  the  moment 
of  solidifying.  Whilst  attentively  watching  it,  to  my  surprise  the  column  of 
mercurv  suddenly  shot  up  the  stem  to  — 4°,  then  slowly  but  steadily  de- 
scended into  the  bulb.  Though  I  heard  no  sound  of  the  glass  cracking,  I 
thought  the  bulb  had  given  way,  and  the  entrance  of  air  had  forced  the  mer- 
cury up  the  tube ;  but  in  this  I  was  mistaken,  for  having  taken  it  on  board 
and  thawed  it,  nothing  wrong  could  be  detected,  and  it  worked  as  well  as 
before.  The  explanation  which  offered  itself  to. my  mind  was,  that  the  sur- 
face of  the  mercury  in  the  bulb  becoming  at  once  solidified,  its  contracting 
pressed  the  central  and  still  fluid  portion  of  the  metal  into  the  stem  with  a 
jerk,  and  thence  again  gradually  absorbed  it  as  the  process  of  freezing  ap- 
proached the  centre. 

Whether  these  instruments  by  Adie  were  absolutely  correct  seems  doubtful. 
In  my  Journal  I  find  the  following  remarks  regarding  them  :— 

"Feb.  2, 1854.— Temperature  fell  to  —39°  in  the  night,  when  I  had  a  good 
comparison  of  the  thermometers,  those  of  Adie's  remaining  within  a  degree 
of  —39°,  whilst  a  quantity  of  quicksilver  in  a  teacup  partially  froze*  The 
quicksilver  remained  out  all  night,  and  did  not  become  completely  fluid  again 
until  9  a.m.,  when  the  temperature  had  been  some  hours  at  —  3(r,  —35°,  and 
—34°.  A  mercurial  thermometer  placed  in  it  also  stood  at  —34°,  and  the 
same  one  now  blackened  for  exposure  to  the  sun's  rays  and  enclosed  in  a 
glass  case  has  fallen  to  —  52°,  t.  e.  become  solid,  whilst  the  one  (Adie,  11) 
in  constant  use  shows  only  — 37°'5." 

"  Feb.  3, 1854. — One  of  the  new  thermometers  was  kept  in  the  vessel  in 
which  the  quicksilver  was  exposed;  and  it  remained  all  day  at  —36°,  whilst  its 
fellows  showed  —39°  and  —40°.  On  removing  it  a  small  portion  of  the  soli- 
dified metal  adhered  to  the  bulb  and  still  remains  attached,  although  the  tem- 
perature indicated  by  it  and  the  others  is  —37°.  The  result  of  this  is  either 
that  the  mercury  is  impure,  which  I  believe  is  not  the  case,  or  the  instru- 
ments have  an  error  of  3  or  4  degrees." 

"Feb.  4. — The  mercury  adhering  in  the  solid  state  to  the  bulb  of  the  spirit 
thermometer  remained  in  the  same  state  until  half-past  two  this  morning, 
when  it  dropped  off,  that  and  the  four  other  thermometers  by  Adie  showing 
-S6°.H 

From  these  experiments,  I  incline  to  the  belief  that  an  error  of  3  or  4 
degrees  will  be  found  to  exist  in  these  instruments  at  the  freezing-point  of 
mercury.  The  quantity  of  metal  in  the  teacup  was  several  ounces,  and  there- 
fore too  large,  unless  its  indications  be  taken  while  partially  solid  either  in 
freezing  or  melting.  I  have  considered  the  dropping  off  of  the  small  portion 
adhering  to  the  bulb  of  the  spirit  thermometer  as  the  best  index. 

The  mercurial  thermometer  alluded  to  as  descending  to  —52°,  was  one  at- 
tached to  a  scale  apparently  graduated  regardless  of  accuracy ;  but  from  some 
experiments  made  with  it,  I  considered  the  tube  was  tolerably  uniform  in 
calibre ;  I  therefore  removed  the  scale,  and  attached  another  reaching  down 
to  within  half  an  inch  of  its  bulb.  This  scale  was  graduated  by  comparison 
with  Pastorelli  (mercurial),  as  low  as  —32°,  and  thence  the  graduation  was 
continued  to  the  bottom  of  the  scale  in  the  same  proportion,  bringing  it  down  to 
—50°,  about  two  degrees  below  which  the  mercury  always  stood  when  solid. 

The  spirit  thermometer  for  use  was  placed  in  a  tin  cylinder  2£  indies  in 
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diameter,  with  a  longitudinal  opening  through  which  it  could  be  easily  read ; 
this  cylinder  was  kept  in  another  of  the  same  material  which  was  painted 
white,  seven  inches  in  diameter,  haviug  a  conical  projecting  roof,  and  a  flat 
bottom)  with  numerous  small  openings  in  both,  and  a  door  opening  like  a 
common  tin  lantern :  this  again,  with  its  door  facing  the  north,  was  fixed  to 
a  stout  stake,  placed  in  the  ice  at  a  distance  of  90  feet  to  the  eastward  of  the 
ship*  The  arrangement  so  made  was  to  protect  the  instrument  from  the  wind 
and  snow-drift,  and  from  the  influence  of  the  sun,  while  admitting  the  easy 
access  of  air.  To  have  placed  it  further  from  the  ship  would  have  been  to 
put  it  in  the  way  of  natives,  who  might  steal  or  break  it ;  and  as  the  ship's 
hull  was  banked  round  with  snow,  and  the  prevailing  winds  came  in  from 
the  N.E.,  it  was  thought  the  effect  of  her  presence  on  the  thermometer  at  that 
distance  would  be  little  or  none. 

The  position  of  the  ship  at  Point  Barrow  was  at  the  extremity  of  a  narrow 
point  or  apit  of  gravel,  which  at  no  part  rose  more  than  6  feet  above  the 
ordinary  sea-level,  and  about  five  miles  distant  from  the  mainland  of  the 
American  continent  The  coast  trended  on  one  side  to  the  S.W.,  and  on  the 
other  to  the  E.S.&,  and  was  uniformly  low  and  flat  in  the  latter  direction  for 
150  miles,  whilst  to  the  S.W.  there  was  no  elevation  near  the  coast  approaching 
100  feet  for  a  like  distance.  The  mainland  to  the  south  had  not  been  explored 
for  more  than  twenty  or  thirty  miles,  to  which  extent  it  was  perfectly  flat, 
and  the  natives  described  it  as  quite  level  for  several  days' journey  further, 
beyond  which  it  became  hilly,  and  far  south  mountainous.  The  climate, 
therefore,  may  be  described  as  maritime  or  almost  insular,  and  was  not  sub- 
ject to  such  extremes  of  temperature  as  the  land.  This  was  ascertained  by 
the  register  kept  by  Capt  Maguire  on  a  journey  to  the  hunting-grounds 
during  the  coldest  part  of  the  year,  the  temperatures  recorded  by  him  being 
generally  lower  than  those  taken  at  the  ship  during  his  absence.  In  the 
summer  the  shooting-parties  recorded  higher  temperatures  on  the  land  than 
were  observed  at  the  ship. 

The  long  polar  night,  or  observed  absence  of  the  sun,  was  69  days,  from 
November  to  January ;  and  the  continued  presence  of  the  luminary  in  the 
summer,  owing  to  refraction,  embraced  a  period  of  74  days. 

The  calculations  for  the  following  Tables  were  made  at  intervals  of  leisure, 
and,  though  simple  enough,  were  very  tedious  and  open  to  error;  but  this,  I 
think,  has  been  successfully  avoided  by  the  various  cross  checks  I  used. 
Each  mean  in  the  first  twelve  Tables  is  deduced  from  the  sums  of  the  obser- 
vations, and  in  no  instance  from  results  already  obtained*  Some  exceptions 
to  this  rule  were  made  in  producing  the  means  of  the  two  years  combined. 

Table  I.  gives  the  mean  temperature  of  each  day,  and  the  mean  of  every 
10  days  (or,  when  the  month  consists  of  31  days,  the  last  division  is  the  mean 
of  11,  and  the  latter  portion  of  February  is  the  mean  of  only  8  days) ;  at  the 
foot  of  the  table  the  mean  of  each  month,  and  at  the  foot  of  the  page  the  mean 
temperature  of  the  whole  year,  as  ascertained  from  8760  observations,  those 
of  the  last  21  days  of  August  having  been  intercalated  as  already  stated. 

In  this  Table  a  remarkable  rise  of  temperature  will  be  observed  before 
and  after  the  winter  solstice.  The  month  of  December  set  in  cold  the  first 
10  days,  giving  a  mean  of  22|  degrees  below  zero,  whilst  the  second  decade 
presented  a  mean  of  only  half  a  degree  below  that  point ;  and  the  last  1 1  days 
rose  to  6£  above  it  The  mean  of  December  is  little  more  than  one-tenth  of 
a  degree  lower  than  that  of  October,  and  is  nearly  4  degrees  higher  than 
November :  this  was  owing  to  a  southerly  gale  which  almost  produced  a  thaw 
for  S  days  at  the  winter  solstice,  and  had  the  effect  of  driving  the  ice  com- 
pletely.  off  the  coast,  leaving  nothing  visible  from  the  beach  to  the  furthest 
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range  of  vision,  east,  north  and  west,  bnt  the  open  ocean  and  a  water  sky. 
This  was  succeeded  by  intense  cold  in  January,  when  the  sea  speedily  froze 
over  again. 

The  periods  at  which  the  mean  temperature  of  the  year  occurred  in  spring 
and  autumn  were  at  the  middle  of  October  and  April,  or  rather  more  thin 
20  days  after  the  equinoxes;  but  the  period  of  greatest  cold  was  a  month 
after  the  winter  solstice,  and  the  greatest  summer  heat  appears  to  have  oc- 
curred in  the  beginning  of  August,  or  40  days  after  midsummer. 

Table  II.  gives  the  highest  and  lowest  single  temperatures  of  each  month, 
the  means  of  the  highest  and  lowest  daily  temperatures  for  each  month,  and 
the  means  of  these  or  of  the  daily  extremes. 

This  Table  shows  that  the  greatest  monthly  range  of  temperature  occurred 
in  April,  and  was  no  less  than  73  degrees,  only  22  short  of  the  range  for  the 
whole  year,  which  was  95 ;  running  from  +52*  in  summer  to  —43°  in  winter. 
The  mean  of  these  two  single  temperatures  was  3  degrees  below  the  true 
mean  of  the  year,  whilst  the  mean  of  the  daily  maxima  and  minima  accorded 
with  the  true  means  to  nearly  within  half  a  degree. 

Table  III.  shows  the  mean  temperature  of  every  hour  for  each  month. 
By  this,  the  hottest  and  coldest  periods  of  the  day  may  be  seen,  as  well  as 
the  mean  daily  range  for  the  month.  The  coldest  and  hottest  times  of  the 
day  were  usually  a  little  after  2  o  clock  a.m.,  and  a  little  before  2  o'clock 
p.m. ;  but  the  time  at  which  the  mean  temperature  of  the  month  occurred 
was  rather  before  7  a.m.  and  p.m.  In  this  the  daily  changes  of  temperature 
corresponded  with  the  annual,  in  the  intervals  between  the  periods  of  the 
extremes  and  the  means  following  being  shorter  than  the  intervals  between 
the  periods  of  the  extremes  and  the  means  preceding  them.  The  greatest 
range  between  the  day  and  night  temperatures  took  place  in  April,  and  was 
11  degrees. 

Table  IV.  shows  the  mean  temperature  of  every  pair  of  opposite  hours. 
From  this  Table  it  does  not  appear  at  first  sight  that  any  pair  of  similar  hours 
can  be  selected  as  corresponding  to  the  monthly  mean ;  but  on  closer  exami- 
nation, the  pairs  of  3  and  9  generally  give  a  mean  nearer  that  of  the  month 
than  any  others.  This  appears  more  distinctly  in  the  succeeding  tables,  where 
the  whole  year  is  given. 

Table  V.  gives  the  hourly  mean  for  the  seasons,  for  the  summer  and 
winter  halves  of  the  year,  and  for  the  whole  344  days,  at  the  same  locality. 
From  the  omission  of  the  21  days  in  August,  the  summer  temperatures  ap- 
pear somewhat  below  the  truth,  and  the  same  remark  applies  to  the  summer 
half  and  to  the  whole  year.  But  this  does  not  materially  affect  the  main 
object  of  the  Table,  which  is  to  exhibit  the  progressive  change  of  temperature 
from  hour  to  hour. 

Table  VI.  shows  the  mean  temperature  of  every  pair  of  similar  hours  for 
the  seasons,  half-years,  and  year,  as  in  the  last  Table.  In  the  last  column  it 
will  be  seen  that  the  pairs  of  hours  giving  a  mean  nearest  the  mean  of  the 
year  are  3  and  9,  or  a  little  after ;  or  at  very  nearly  equal  periods  before  and 
after  noon  and  midnight,  and  not  intermediate  between  the  periods  of  the 
extremes  and  evening  and  morning  means. 

These  first  six  Tables  refer  to  the  year  1852->5S,  beginning  with  Septem- 
ber and  ending  with  August ;  and  the  six  following  are  corresponding  ones 
for  the  year  1853-54. 

Table  VII.  differs  from  No.  I.  in  the  periods  before  referred  to  being 
generally  later,  in  the  extremes  being  more  marked,  and  in  the  mean  tempe- 
rature of  the  whole  year  being  lower  than  that  of  the  preceding  one.  Thus 
the  periods  of  the  mean  temperature  in  the  autumn  and  spring  were  nearer 
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the  end  of  October  and  April,  or  about  24  to  SO  days  after  the  equinoxes ; 
tJie  extreme  of  cold  was  experienced  in  the  first  part  of  February,  and  the 
extreme  of  summer  heat  was  probably  about  the  end  of  the  first  decade  of 
August 

The  usual  interruption  to  the  winter  cold  was  less  decided,  and  took  place 

at  the  beginning  of  the  second  decade  of  January,  raising  the  mean  of  that 

month  above  December,  as  December  in  the  preceding  season  had  been 
raised  above  November. 

Table  VIII.  corresponds  to  Table  II.  By  it  the  range  between  the 
lugneat  and  lowest  single  temperatures  will  be  seen  to  be  1  degree  more  than 
the  previous  year,  and  give  a  mean  3  degrees  below  the  true  one  of  the  year, 
whilst  the  means  of  the  daily  extremes  accord  very  nearly  with  it.  The 
greatest  monthly  range  took  place  in  March,  and  was  65  degrees :  1 1  less 
than  that  of  April  of  the  preceding  year,  and  31  less  than  the  annual  range. 

Table  IX.  is  similar  to  Table  III.,  from  which  it  presents  no  very  re- 
markable difference.  In  it  April  again  shows  the  most  marked  range  between 
the  day  and  night  extremes,  amounting  to  more  than  12£  degrees. 

Tables  X.,  XI.  and  XII.  agree  in  their  general  features  with  Nos.  IV., 
V.  and  VL,  and  are  defective  in  the  July  and  August  columns  from  the 
absence  of  the  ship. 

The  succeeding  Tables  are  compiled  to  give  the  means  of  two  years,  for 
which  purpose  the  observations  for  the  omitted  summer  intervals  have  been 
intercalated. 

Table  XIII.  gives  the  means  of  the  decades  or  third  parts  of  each  month, 
and  of  the  whole  month.  Also,  the  highest  and  lowest  single  temperature 
noted  during  the  two  years,  the  extreme  thermometric  range  being  97  de- 
grees. The  mean  of  these  two  extremes  was+30,5,  and  the  true  mean  of  the 
two  yearswas  -f  6°'882,  or  25  degrees  below  the  freezing-point  of  water.  The 
autumnal  and  vernal  periods  at  which  these  temperatures  occur,  by  this  Table, 
are  about  14  and  23  days  after  their  respective  equinoxes;  but  the  extremes 
of  heat  and  cold,  which  occur  on  the  8th  of  August  (probably)  and  on  the 
8th  of  February,  are  more  than  double  that  number,  or  about  48  days,  after 
the  solstice.  Here  the  interval  between  the  summer  extreme  and  the  occur- 
rence of  the  annual  mean  in  autumn  is  67  days,  and  from  the  latter  to  the 
time  of  the  winter  extreme  is  117  days;  from  the  winter  extreme  to  the 
vernal  period  at  which  the  annual  mean  occurs  is  74  days,  and  from  this  to 
the  summer  extreme  107  days. 

Table  XIV.  gives  the  mean  temperature  for  two  years,  of  every  hour  for 
each  month. 

Table  XV.  gives  the  mean  of  every  pair  of  similar  hours  of  Table  XIV. 

Table  XVI.  gives  the  mean  temperature  for  two  years  of  every  hour  for 
each  of  the  four  seasons,  for  the  half-years,  and  for  the  year.  In  this  Table 
it  will  be  observed  that  the  interval  of  time  between  the  extremes  and  that 
at  which  the  annual  meanfolloicing  takes  place  is  perceptibly  shorter  than 
between  either  extreme  and  the  time  of  the  mean  preceding  it. 

Table  XVII.  gives  the  mean  of  every  pair  of  similar  hours  in  Table  XVI. 

Table  XVIII.  gives  the  mean  temperature  of  every  hour  for  the  month  of 
June,  for  22  days  in  July,  and  for  the  21  days  both  before  and  after  the  21st 
of  June,  from  hourly  observations  taken  with  a  blackened  thermometer  ex- 
posed to  the  sun's  rays.  This  Table,  though  so  limited,  may  be  of  some  in- 
terest in  regard  to  the  growth  of  vegetation  during  the  short  summer  of  the 
Arctic  regions. 

Table  XIX.  gives  the  means  of  the  pairs  of  similar  hours  in  the  first  and 
third  columns  of  Table  XVIII. 
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Table  XVIII. — Showing  the  Mean  Temperature  of  every  Hour  for  the 
month  of  June,  part  of  the  month  of  Julj  and  for  June,  and  the  twelve 
first  days  of  July  combined,  from  observations  taken  hourly  with  a  black- 
ened Thermometer  at  the  '  Plover's '  winter  quarters,  Point  Barrow. 


1861. 

June. 

JnlySSnd. 

4Sd»y>of 

June  and  July. 

A.M.   1 

34'5° 

+35#7* 

+35'°* 

2 

36-26 

36*90 

36-85 

3 

3866 

3909 

39-62 

4 

I 

tttl 

4*54 
43*3  * 

44**9 
48-14 

5390 

4*59 

53"*8 

7 

5926 
6roo 
66*oo 
67*66 

5*59 

5*57 

8 
9 

IO 

58-3-5 
62-31 

61*92 
64-67 
65-21 

IX 

72-03 
7186 

65-00 

70-30 

Noon,  ix 

-5499 

70-30 

P.M.    I 

72*16 

6331 

69-83 

% 

71*43 

62-72 

60-30 
68*21 

3 

69-40 

65-81 

4 

67-56 

63-18 

•5595 

5 

6314 

56-13 

61-07 

6 

58-10 

50-68 

5-5-04 

I 

54'»3 
4906 

5209 
46-13 

5338 

48*40 

9 

47-06 

37*31 

45*45 

IO 

42-26 

37*4<> 

41*26 

ii 

37-20 

35*3 

37"i» 

12 

36*16 

34*54 

3595 

Means    .... 

54*994 

.... 

54-120 

Table  XIX. — Showing  the  Mean  Temperature  of  every  Pair  of  similar 
Hours  in  first  and  third  columns  of  Table  XVIII. 


Horn*. 

1833. 

J«e. 

"July  ttnd. 

Juno  and  July. 

A.M.        TMf. 

iand    1 

+53*33 
53*5 

.... 

+52-42 

2  and   2 

.... 

5**57 

3  and    3 

54'OS 

.... 

53*4" 

42nd  4 

55*50 

.... 

54*57 

6  and   6 

54-5o 
56*00 

.... 

54H 

54*86 

7  and   7 

56-70 

55'47 

Sand  8 

56-03 

.... 

55-16 

9  and  9 

5«*53 

5506 

10  and  10 

54*o 

.... 

53*3 

1 1  and  11 

5461 

... . 

5371 

12  and  12 

54*01 

.... 

53-12 

Mean*    .... 

54*994 

.... 

54120 

Highest  single  temperature  in  the  sun  + 106*  on  7th  June  1653. 
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Explanation  of  Plate  II. 

Fig.  1  represents  the  mean  daily  curve  for  each  month,  as  deduced  from 
Table  XIV.  From  among  the  almost  straight  lines  representing  the  winter 
months,  March  is  observed  to  rise  in  a  bold  curve,  showing  the  rapidly  in* 
creasing  power  of  the  solar  rays,  which  had  hardly  produced  any  effect  in 
shaded  places  during  February.  April  exceeds  March  by  2  degrees  in  the 
height  of  its  curve;  but  that  of  each  summer  month  in  succession  becomes 
flatter  in  consequence  of  the  summer  warmth  being  attended  by  more  cloudy 
weather,  and  a  lessened  fall  of  temperature  during  the  nights.  September 
presents  a  curve  of  great  flatness,  the  difference  of  temperature  between  noon 
and  midnight  scarcely  exceeding  1  degree.  The  almost  continued  foggy  state 
of  the  weather  then  prevents  the  sun  effecting  much  rise  in  the  day,  and  the 
great  extent  of  sea,  river,  and  lake  surface,  still  unfrozen  during  the  earlier 
part  of  the  month,  prevents  any  great  fall  of  temperature  during  the  night 
With  the  exception  of  a  slight  rise  in  the  October  curve,  the  whole  six  repre- 
senting autumn  and  winter  are  remarkably  flat. 

Fig.  2  shows  the  mean  daily  curves  of  the  four  seasons,  deduced  from 
Table  XVI. ;  also  the  curve  of  the  winter  half  of  the  year,  or  the  autumn  and 
winter  combined,  the  curve  of  the  summer  half,  which  is  spring  and  summer 
combined,  and  the  curve  of  the  whole  year,  each  being  the  mean  of  two  years. 
The  flat  curve  of  autumn  has  nearly  the  same  form  as  September,  and  in 
position  occupies  the  place  of  the  mean  temperature  of  the  year.  The  winter 
line  nearly  coincides  both  in  form  and  position  with  January,  and  is  very 
flat.  Spring  has  nearly  the  form  of  March  and  the  position  of  April ;  and 
the  summer  curve,  either  in  shape  or  position,  does  not  differ  much  from 
July.  With  the  exception  of  autumn,  the  curve  of  each  season  bears  a 
striking  resemblance  to  that  of  its  middle  month. 

Fig.  3  indicates  the  curve  of  mean  daily  temperature  shown  by  a  black* 
ened  thermometer  exposed  to  the  sun.  The  black  line  represents  the  month 
of  June,  and  the  dotted  one  three  weeks  before  and  after  the  21st  of  June.  In 
both,  the  extremes  seem  to  be  very  near  noon  and  midnight,  and  the  hold 
character  of  the  curve  is  very  striking. 


On  the  Algebraic  Couple ;  and  on  the  Equivalents  of  Indeterminate 
Expressions.    By  Charles  James  Hargrea ve,  LL.D.y  F.R.S. 

In  a  paper  entitled  "  Analytical  Researches  concerning  Numbers,"  which 
was  published  in  the  Philosophical  Magazine  some  years  ago  (vol.  xxxv. 
p.  36),  I  had  occasion  to  avail  myself  of  a  principle,  which,  though  it  has  not 
yet  taken  rank  amongst  recognized  forms  of  mathematical  reasoning,  appear* 
to  be  capable  of  extensive  application  and  calculated  to  lead  to  true  and  use- 
ful results.  This  principle  may  be  expressed  by  stating  simply,  that  the  ana- 
lytical equivalent  of  an  indeterminate  expression  is  the  arithmetical  mean  of 
all  its  possible  values.  The  accuracy  of  the  results  to  which  I  was  conducted 
by  the  application  of  this  principle  in  the  paper  above  referred  to,  led  me  to 
the  conclusion,  that  the  principle  might  probably  to  some  extent  be  intro- 
duced into  mathematical  science,  without  departing  from  or  unduly  extend- 
ing doctrines  heretofore  admitted.  Since  that  period,  I  have  not  had  the 
opportunity  of  pursuing  this  interesting  subject ;  but  t  find  that  it  b  one 
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which  has  not  failed  to  attract  the  attention  of  eminent  mathematicians ;  and 
I  trust  I  may  be  permitted  to  avail  myself  of  this  Meeting  of  the  British  Asso- 
ciation in  Dublin,  as  a  convenient  opportunity  for  the  publication  of  the 
views  which  I  had  in  contemplation  on  the  occasion  of  my  former  paper. 
These  views  having  suggested  themselves  in  the  course  of  a  brief  investiga- 
tion relating  to  the  interpretation  of  the  Algebraic  Couple,  I  propose  to  in- 
troduce this  subject  also,  in  the  hope  that  it  may  prove  interesting  to  those 
who  have  given  their  attention  to  the  various  systems  of  Multiple  Algebra 
which  have  been  from  time  to  time  propounded. 

On  the  Geometrical  Interpretation  of  the  Algebraic  Couple. 

The  object  of  this  section  is  to  apply  and  interpret  the  Algebraic  Couple 
to  and  by  means  of  the  geometry  of  angular  magnitude  and  position. 

The  couple  in  its  ordinary  form,  x+y  V  —  1,  is  the  argument  of  the  arbi- 
trary function,  t/(a?-r-yV'—]),  which  represents  a  value  of  u  in  the  partial 
differential  equation 

If  we  take  the  corresponding  differential  equation  of  three  variables, 

and  effect  its  integration,  not  generally,  but  under  the  restrictive  condition 
a^+^-f  «9=r8(a  constant), 


we  obtain 


H^an-i^tton-1!!^); 


a-i    1 


/±C08" 

cos  A) 


or 


which  may  be  regarded  as  an  integration  of  the  equation  upon  the  surface  of 
a  sphere  whose  radius  is  r.  If  /  be  the  longitude  of  a  point  computed  from 
any  origin,  and  X  its  distance  in  latitude  from  the  equator,  the  integral 
assumes  the  form 

*=*('T  v'^Tlog  tan0» 

where  p  is  the  co-latitude.  The  argument  of  this  function  is  now  in  the 
form  of  an  ordinary  algebraic  couple,  the  constituents  of  which  are  an- 
gular magnitudes;  and  my  object  will  be  to  show  that  the  couple  in  this 
form  is  an  adequate  symbolical  representation  of  position  on  a  sphere,  or  of 
angular  position  in  space,  in  the  same  manner  as  the  ordinary  couple  ade- 
quately represents  position  on  a  plane. 

It  will  be  convenient  for  the  sake  of  comparison  to  consider  the  algebraic 
couple,  when  geometrically  interpreted,  rather  as  an  operation,  than  as  a 
quantity  or  result.  Let  us  regard  x+yV  —  L  not  merely  as  denoting  the 
podium  of  a  point  (x,  y),  but  implying  also  the  process  of  arriving  at  such  a 
point  from  the  origin  by  progressing  along  an  unvarying  course,  viz.  that 
course  which  is  constantly  inclined  to  the  unit-line  at  an  angle  whose  tan- 
gent is  £. 
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On  a  plane  the  direction  of  unvarying  course  is  the  straight  line;  and  its 
equation  k 

y=*  tan/3, 

and  the  symbol  denoting  the  point  (*,  y),  involving  its  distance  along  the 
unit-line,  *,  and  the  angle  defining  its  course,  /J,  is 

^1+^=1  tan/?),  or  ^/^ 

Now  if,  on  a  sphere,  we  consider  the  equator  as  the  unit-line  on  which  real 
angles  are  measured,  the  line  of  unvarying  course,  or  the  line  which  is  always 
inclined  to  the  unit-line  at  the  same  angle,  is  the  rhumb  line ;  and  its  equa- 
tion is 

/tan0=logcot  £, 

where  0  is  the  angle  of  direction.  Introducing  this  value  of  0  into  the  couple 
in  its  new  form,  l±  V^l  log  cot  *p  we  obtain  simply 

/(l±4^tan0),or^c*^; 

which  is  a  couple  of  precisely  the  same  form  as  the  ordinary  plane  couple. 

If  we  lay  down  the  definitions  that  two  lines  of  unvarying  course  (or 
rhumb  lines)  are  parallel  when  they  are  inclined  at  the  same  angle  to  the 
equator,  and  that  parallel  lines  are  equal  when  they  traverse  the  same  amount 
of  longitude,  we  easily  obtain  the  proper  rules  for  adding  and  multiplying 
two  or  more  angular  positions. 

To  find  the  sum  of  two  positions  P  or  (J,  0)  and  F  or  (l,  0').  Prom  the 
origin  O  draw  the  unvarying  courses  OP  and  OP" ;  from  P  draw  the  course 
PP"  equal  and  parallel  to  OF ;  then  F'  is  the  resultant  position.  For  the 
algebraic  sum, 

/(1±  V^l  tan0)  +  f  (1±  V=\  tan  0)  equals  F'  (1  ±  S-i  tan0"), 

if  .  l+t=f\  and  f '  tan  6"=/  tan  0+f  tan  tf. 

Now  in  the  construction  above  given,  (which  the  reader  will  easily  imagine 
without  diagram,)  we  have 

and  since  the  equation  of  the  line  PP"  is 

/'tan  0'=log  cot  tL  —log  cot  £, 

we  also  have 

r  tan  0"=/tan  6+1  tan  0'. 
Similarly,  to  find  the  difference  of  two  positions  F  and  P" :  from  F'  draw 
the  course  FT  parallel  to  OF  and  equal  to  it,  but  in  the  opposite  direction; 
then  P  will  be  the  difference  of  the  two  positions. 

Considering  the  couple  in  the  form  — ?—  e^-*,  it  will  be  seen  that  the 

cos0 
amplitude  denotes,  as  on  a  plane,  the  direction  of  the  position,  or  the  angle 
defining  the  course ;  but  the  modulus  does  not  denote  the  angular  distance 

traversed,  or  the  length  of  the  course,  for  that  is  -A_;    but  it  denotes  the 

sin  0 
line  into  which  the  course  would  be  projected  if  the  sphere  were  opened  out 
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after  the  fashion  of  Meroator's  chart    The  product  of  t^^i^PC^C^  *,- ' 

and  (F  0*),  (that  is,  the  fourth  proportional  to  the  unit  of  angulT        ~ 

and  the  two  positions,)  is  evidently  the  position  (/",  0"),  where  0"=0'-f  0,  and 

/"         /  /' 

— -71= -. j ;  that  is  to  say,  the  amplitude  of  the  product  is  the  sum 

coaer    cos0  cosfl'  J  r  r 

of  the  amplitudes  of  the  factors ;  and  the  projection  of  the  modulus  of  the 
product  is  the  product  of  the  projections  of  the  moduli  of  the  factors.  We 
lb  us  see  that  as  a  plane  angle  bears  a  sort  of  logarithmic  relation  to  linear  mag- 
nitude, so  the  dihedral  angle  (denoted  here  by  0)  bears  a  similar  logarithmic 
relation  to  plane  angular  magnitude. 

It  will  be  at  once  apparent  that  in  this  method  of  representing  angular 
position,  every  point  has  an  infinite  number  of  symbolical  representations! 
inasmuch  as  it  may  be  reached  from  the  origin  by  an  infinite  number  of  per- 
fectly distinct  courses.  The  longitude  which  we  have  denoted  by  /  may  be 
denoted  also  by  any  value  of  /+2  n  a- ;  each  value  of  which  has  a  correspond* 
ing  and  distinct  value  of  0.    In  effect,  the  couple  becomes 

*±g»*e0mfri 
cos  en  ' 

where  0,  is  determined  by  the  equation 

(/±2nir)  tan  0.=log  cot  g. 

If  the  point  be  at  the  pole  of  the  sphere,  the  values  of  0,  are  continuous ; 
that  is  to  say,  every  angle  is  a  value  of  0, ;  which  is  well  known,  for  it  is  ob- 
vious that  the  pole  may  be  reached  by  an  unvarying  course  at  whatever  angle 
we  start  from  the  equator.    In  this  case  the  longitude  traversed  is  infinite; 

except  when  0,is  ^,  in  which  case  the  longitude  traversed  assumes  the  form 

QC-rQC,  and  is  any  arbitrary  quantity.  This  also  is  geometrically  evident, 
since  if  the  pole  be  regarded  as  having  a  longitude,  that  longitude  is  per- 
fectly arbitrary.  In  this  case  the  couple  assumes  the  form  l(\  +  */31  tan  ?  J. 

Comparing  this  with  the  form  we  started  from,  tan-*  IL+tsa-i  *v —1 

* r * 

and  remembering  that  at  the  pole  ar=r,  we  have  tan-*1  (v'— l)=OC4/— 1, 

the  infinity  employed  being  an  arbitrary  multiple  of  tan  IL 

2 
Since 

tan-'fl-Han-|(Vf^)=stan-i  a+     ~l  actan-n/ZT, 

l-oV-l 

it  follows  that,  if  either  of  two  positions  be  at  the  pole,  their  sum  is  at  the 
pole ;  unless  indeed  the  other  point  be  at  the  opposite  pole,  (in  which  case 
«=  —  V — 1,)  when  their  sum  is  any  point  on  the  equator,  or  rather  every 
point  on  the  equator  at  the  same  time.    In  like  manner,  since 

tan-'a-tan-i  (  v^TWtan-i  a~~     ZJ=tan-i(-  */^\), 

it  follows  that  if  a  position  at  the  pole  be  deducted  from  any  other  position, 
the  resultant  position  is  at  the  opposite  pole;  and  since  n  tan-1  (V^— 1) 
=tan~,(  v'  — 1),  the  sum  of  any  number  of  polar  positions  is  a  polar  posi- 
tion. 
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On  Infinite  Angles,  and  on  ike  Principle  of  Mean  Values. 

The  exemplification  of  these  subjects  by  the  foregoing  theory  depends  mainly 
on  the  distinction  above  pointed  out,  between  considering  a  position  merely 
as  a  point  reached,  and  having  one  fixed  relation  with  the  origin,  and  consi- 
dering it  with  reference  to  the  course  by  which  it  has  been  reached.  The 
former  mode  of  consideration  is  merely  a  limiting  view  of  the  latter.  If  we 
conceive  a  point  on  a  sphere  starting  from  the  origin  of  longitude  and  tra- 
versing an  unvarying  course  inclined  to  the  meridian,  and  if  we  at  any  mo- 
ment inquire,  first,  what  amount  of  longitude  has  it  traversed;  and  secondly, 
in  what  longitude  is  it  now  posited,  the  answers  to  the  two  questions  most 
obviously  be,  in  an  algebraic  sense,  the  same ;  and  in  a  geometrical  sense  also 
they  must  be  the  same  wherever  they  are  intelligible,  that  is,  for  every  po- 
sition from  the  equator  up  to  and  exclusive  of  the  pole.  The  assertion  of 
this  geometrical  proposition  (the  identity  of  the  answers  to  the  two  queries), 
extended  by  the  substitution  of  inclusive  for  exclusive,  does  not  involve  any 
principle  other  than  the  axiom,  that,  what  is  quantitatively  true  up  to  the 
limit,  is  quantitatively  true  at  the  limit;  for  in  this  case  the  passage  from  '  up 
to  the  limit'  to  'at  the  limit,'  may  be  considered  in  such  a  light  as  not  of 
necessity  to  involve  any  change  in  the  character  of  the  subjects  or  ideas  with 
which  we  are  dealing,  or  to  transfer  our  conceptions  from  calculable  magni- 
tude to  something  no  longer  the  subject  of  calculation.  The  passage  from 
the  equator  of  a  sphere  to  the  pole  by  an  unvarying  course  does  not  of 
necessity  involve  the  consideration  of  infinite  magnitude,  for  the  linear  space 

traversed  in  getting  up  to  the  pole  is  .^"7° '    where  a  is  infinitely  small;  and 

A  sin  v 

the  linear  space  traversed  in  actually  attaining  the  pole  is       *     ,  both  of 

z  sin  0 

which  are  finite  and  calculable.  It  is  true  that  an  infinite  amount  of  angular 
longitude  is  traversed,  but  this  consideration  does  not  interfere  with  the  cer- 
tainty of  our  actually  attaining  the  pole  in  a  finite  time  at  a  finite  rate  of 
progress ;  and  there  is  nothing  in  the  geometrical  character  of  the  problem 
which  could  lead  us  to  believe  that  the  above  inquiries  are  of  totally  different 
natures  when  applied  to  the  pole,  and  when  applied  to  a  point  indefinitely 
near  to  the  pole.  Let  us  then  consider  the  point  as  having  reached  the  pole 
in  this  manner,  and  propose  the  two  inquiries  above  suggested. 

If  we  ask,  what  amount  of  longitude  has  been  traversed ;  the  answer  is,  an 
infinite  amount.  If  we  ask  the  geometrical  question,  in  what  longitude  does 
the  point  now  exist ;  the  answer  is,  that  it  is  in  every  possible  longitude 
throughout  the  whole  cycle  of  longitude. 

We  are  thus  led  by  these  considerations  to  the  inference  that  the  idea  (as 
applied  to  geometry)  of  an  angle  which  in  an  analytical  sense  is  infinite,  and 
the  idea  of  an  angle  which  has  at  one  and  the  same  time  every  real  magnitude) 
|  are  one  and  the  same  idea.     An  angle  in  geometry,  when  made  to  vary  by  a 

uniform  process,  is  of  necessity  periodic  in  its  magnitude ;  but  when  the  sym- 
bol representing  an  angle  is  imported  into  algebra  by  the  introduction  of  its 
trigonometrical  functions  into  general  analysis,  then  the  angle  or  its  symbol 
must  of  necessity  be  considered  as  having  a  progressive  magnitude,  and  as 
being  capable  of  having  every  real  value  from  negative  infinity  to  posiuVe 
infinity ;  and  the  foregoing  considerations  tend  to  the  conclusion,  that  an  in- 
finite angle,  in  the  hitter  sense,  is  the  same  thing  as  that  angle  in  the  former 
sense,  which  has  at  the  same  time  and  in  one  conception  every  real  value ; 
an  idea,  the  perception  of  which  is  facilitated  by  the  circumstance  that  we 
can  geometrically  depict  a  position  whose  angular  distance  in  longitude  from 
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a  fixed  origin  has  thb  singular  value.  If  the  conception  of  such  an  angle  be 
difficult,  the  difficulty  exists  to  the  analyst  alone :  to  the  geometrician  the 
idea  is  easy  and  even  elementary ;  for  to  assert  that  the  pole  has  at  once 
ever}"  possible  longitude,  is  merely  to  say  that  it  is  the  intersection  of  all  the 
meridians,  or  that  it  exists  at  once  on  every  meridian,  which  is  in  truth  the 
definition  of  the  pole. 

The  considerations  here  developed  seem  to  derive  additional  weight  from 
a  view  of  the  subject  which  we  have  hitherto  excluded ;  where  the  point 
passes  to  the  pole  directly  in  latitude,  without  any  geometrical  change  of 

longitude;  that  is,  the  case  where  0=^.    This  is  a  limiting  case.    For  all 

values  of  Bvp  to  this  value,  the  longitude  traversed  is  infinite ;  at  this  point 
the  infinity  changes  sign.  What  is  the  value  through  which  it  passes  ?  The 
analytical  expression  for  the  longitude,  in  all  cases,  is 

/=cot01ogcot^=cot£  log  tan  ~  at  the  pole. 

This  then  assumes  the  form  OC-rOC>  where  the  elements  producing  the  two 
infinities  are  independent  of  each  other ;  a  kind  of  expression  which  we  know 
to  be  the  algebraic  symbol  for  that  which  has  every  value  within  the  whole 
range  of  value.  It  is  indeed  generally  said  to  be  the  representative  of  inde- 
terminate value,  or  that  it  means,  "any  real  quantity  we  please:"  but  the 
language  appears  inadequate,  the  thing  represented  being  manifestly,  "  every 
real  quantity  at  once."  Here  then  we  have  a  case  in  which,  without  passing 
from  the  field  of  analysis,  we  find  the  conception  of  an  angle  having  every 
possible  value  at  once ;  and  it  presents  itself  to  us  as  the  limiting  idea  of  a 
series  of  infinities,  and  as  the  mode  of  transition  from  a  series  of  positive  in- 
finities to  exactly  the  same  series  of  negative  infinities. 

The  series  of  infinite  angles  which  represents  the  longitude  traversed  in 
reaching  the  pole,  is  a  series  of  functions  of  0,  of  such  a  nature  that  their  rate 
of  increase  can  be  ascertained  and  their  relative  magnitudes  compared,  with 
as  much  ease  as  if  they  were  all  finite  quantities ;  for  they  vary  directly  as 
cotan  6. 

If  OC^  denote  the  longitude  of  the  pole  as  reached  at  the  angle  0,  we  have 

dO  sin8  0  *in30  sin  2  0 

an  equation  which  marks  the  rate  of  decrease  as  0  advances  from  0  towards 

-:  at  that  point  it  passes  through  the  phase  of  analytical  indeterminateness, 

and  then  passes  through  the  stages  of  negative  infinity  at  the  same  rate  of 
progress  as  it  had  manifested  on  the  positive  side.  The  general  result  may 
be  thus  recapitulated  :  that  having  in  analysis  met  with  angles  of  various  de- 
grees of  infinite  magnitude,  they  are  interpreted  geometrically  into  angles, 
each  of  which  has  at  the  same  time  every  possible  value ;  that  having  also  in 
analysis  met  with  an  angle  which  has  an  absolutely  indeterminate  value,  or  all 
values  at  the  same  time,  we  find  that  it  is  the  mode  by  which  a  series  of  de- 
creasing positive  infinite  angles  passes  without  discontinuity  to  an  exactly 
similar  series  of  negative  infinite  angles. 

The  series  of  infinite  angles  with  which  we  are  dealing  is  evidently  at  its 
positive  maximum  when  0=0,  and  at  its  negative  maximum  when  0=tt. 
At  these  points  we  pass  through  what  would  appear  to  be  the  most  trans- 
cendental of  all  infinite  angles;  which  resolves  itself  in  geometry  into  the 


190  REPORT— 1857. 

almost  irrational  idea,  of  the  amount  of  longitude  which  it  would  be  i 
aary  to  traverse  before  we  reach  the  pole,  the  condition  of  the  problem  being 
that  we  are  never  to  quit  the  equator.  It  is  useful,  however,  not  to  neglect  | 
this  transitional  infinity,  for  it  is  evidently  of  a  different  kind  from  those  on 
each  side  of  it  It  is  the  infinitely  remote  limit  of  a  series  of  tnermnmg  in- 
finities, just  as  the  other  transi  tional  point  appeared  to  be  the  nearest  approach  | 
to  finite  quantity  that  infinity  admits  of,  the  minimum  point  of  a  series  of 
decreasing  infinities. 

Before  proceeding  to  consider  the  trigonometrical  functions  of  OC*»  it  will  be 
convenient  to  point  out  another  series  of  infinite  angles  which  presents  itself 
in  the  course  of  this  investigation,  and  which  may  perhaps  throw  some  light 
on  the  nature  of  an  infinite  angle,  though  it  is  not  so  readily  susceptible  of 
geometrical  illustration  as  the  case  already  considered.  It  has  been  observed 
that  any  angular  position  furnishes  an  infinite  number  of  values  of  9,,  and 
that  the  longitude  has  a  corresponding  number  of  values,  connected  by  the 
equation 

(/+ 2  n  w)  tan  6Wlog  cotan  £ 

By  increasing  n  (which  denotes  the  number  of  circuits  which  the  course 
makes  round  the  sphere)  without  limit,  0H  diminishes  without  limit ;  and  the  < 
course  approximates  to  an  infinite  number  of  circuits  round  the  equator. 
The  series  of  infinite  longitudes  now  intended  to  be  brought  under  considera- 
tion, consists  of  the  limits  of  the  values  of  the  longitude  traversed  when  0U  ap- 
proaches 0,  for  all  positions  on  the  sphere  from  the  equator  to  the  pole. 
When  the  point  is  at  the  pole,  the  infinite  angle  under  consideration  is  that 
which  we  have  already  noticed  as  being  of  a  very  high  order  of  magnitude ; 
its  value  is  infinite,  not  merely  because  tan  0«  is  zero,  a  circumstance  which 
for  our  present  purpose  is  common  to  all  other  positions,  but  also  because 

log  cotan  £  being  log  tan  ~  is  infinite.     As  the  position  descends  from  the 
2  2 

pole  towards  the  equator,  the  limit  of  the  longitude  traversed  assumes  still  an 
infinite  value,  but  diminishes  in  proportion  to  log  cotan  ft,  until  the  point 

Tff 

falls  upon  the  equator  itself,  in  which  case  the  value  is  a  transitional  phase  of 
the  series  of  infinite  angles,  and  it  assumes  the  form  0-=-0,  where  the  two  ele- 
ments of  which  the  zeros  are  the  limits  are  independent  of  each  other;  from 
which  we  are  to  infer,  what  is  indeed  geometrically  evident,  that  the  course 
consists  of  an  arbitrary  number  of  complete  revolutions  2  n  t,  in  addition  to 
the  original  longitude  of  the  point  L  On  the  other  side  of  the  equator,  the 
longitude  traversed  passes  through  an  exactly  similar  series  of  values,  but 
without  any  change  of  sign.  We  have  thus  another  point  of  view  from  which 
we  perceive  that  the  limiting  conception  of  a  series  of  infinite  angles  of  vary- 
ing magnitudes  proves  to  be  an  angle  possessing  an  infinite  number  of  values. 
Having  thus  acquired  some  idea  of  the  meaning  of  an  infinite  angle,  by  ob- 
serving its  demeanour  through  the  various  phases  of  the  above  geometrical 
illustrations,  the  next  question  which  suggests  itself  is,  how  are  we  to  deal 
with  its  trigonometrical  functions.  Confining  ourselves  to  the  set  of  angles 
which  we  have  denoted  by  OC*  (the  longitude  traversed  in  reaching  the  pole 
at  the  angle  0),  we  may  safely  assert  that  these  functions  are  independent  of 
0;  for  whatever  may  be  the  value  of  0,  all  the  values  of  QC*  corresponding  to 
them  are  geometrically  identical;  and  we  are  here  dealing  with  purely  geo- 
metrical functions.    It  follows  that  a  trigonometrical  function  of  an  infinite 
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angle  is  the  same  function  of  that  angle  which  has  at  once  every  possible 
value,  or  which  is  the  same  thing,  every  possible  value  within  one  complete 
period.  We  should  therefore  be  inclined  to  say,  that,  speaking  geometrically, 
cos  QC  or  sin  (X  has  no  particular  individual  value,  but  that  it  possesses  at 
once  every  value  between  —  1  and  +1,  both  inclusive.  We  shall  not,  I  ap- 
prehend, arrive  by  any  process  of  abstract  reasoning  at  an  analytical  equiva- 
lent for  these  and  similar  expressions.  We  may,  however,  interpret  them  by 
reference  to  particular  problems,  the  solution  of  which  involves  principles  not 
purely  algebraical ;  and  the  question  will  then  arise,  how  far  it  is  safe,  having 
regard  to  the  nature  of  these  principles,  to  consider  the  interpretation  as  uni- 
versal. 

Suppose  a  point  placed  upon  a  sphere  whose  equator  is  horizontal,  and  such 
point  descending  by  the  force  of  gravity,  and  that  a  person  is  entitled  to  re- 
ceive, (or  obliged  to  pay,  as  the  case  may  be,)  such  a  fraction  of  a  pound  as  is 
denoted  by  the  cosine  of  the  longitude  of  the  place  at  which  the  point  tra- 
verses the  plane  of  the  equator.  For  every  position  of  the  point  up  to,  but 
exclusive  of  the  pole,  the  value  of  this  person's  interest  is  simply  the  fraction 
cos  0  of  a  pound,  0  being  the  longitude  of  the  original  position.  If  the  point 
be  actually  on  the  pole,  the  problem  considered  as  a  physical  one  fails ;  and 
the  answer  assumes  the  form  of  a  trigonometrical  function  of  an  angle  which 
has  no  one  value  in  particular  more  than  another.  If  we  bring  this  limiting 
case  within  the  scope  of  the  problem  by  proposing  it  in  this  form : — a  material 
point  rolls  from  the  pole  of  a  sphere  to  the  equator  down  a  meridian,  de- 
termined by  some  impulse  extraneous  to  the  problem;  what  is  the  value  of 
the  interest  of  a  person  who  is  to  receive,  (or  pay,  if  the  result  be  negative,) 
the  fraction  of  a  pound  above  indicated  ? — the  algebraical  answer  is  the  same 
as  before,  vis.  the  cosine  of  an  angle  which  has  any  or  every  value,  no  one  in 
particular  more  than  another;  but  the  problem  is  not  now  purely  algebraic, 
bat  belongs  to  the  Theory  of  Probabilities,  which  tells  us  that  the  answer  is 
(cos  ft-i-cos  (2  n)  -f ...  +  cos  (m  »))  4-m,  where  n  diminishes  without  limit  and 

»»=2x,  that  i*tjl**  cosBdd;  and  this,  which  is  the  mean  of  all  the  possi- 
ble values  of  cos  0,  is  therefore,  in  this  problem  at  least,  the  interpretation  of 
the  cosine  of  the  indeterminate  angle  which  denotes  the  longitude  of  the  pole* 
Perhaps  this  doctrine  of  the  interpretation  of  indeterminate  values  may  be 
stated  as  follows: — If  a  problem  when  treated  analytically  give  an  indetermi- 
nate result  of  which  all  the  individual  values  are  calculable,  and  if  the  same 
problem  when  treated  by  the  principles  of  the  science  to  which  it  belongs 
give  a  specific  result,  we  are  warranted  in  saying  that  the  latter  is  quoad  sub- 
fatam  tnateriam  the  interpretation  of  the  former,  and  may  be  treated  as  its 
analytical  equivalent ;  this  doctrine  being  subject  to  the  implied  condition 
that  the  science  to  which  the  problem  belongs,  and  which  gives  us  the  spe- 
cific result,  is  a  science  whose  fundamental  principles  do  not  rest  on  induc- 
tion in  any  other  sense  than  the  axioms  of  algebra  do. 

A  and  B  engage  in  a  game  in  which  they  will  win  alternately,  A  winning 
first :  what  is  the  present  value  of  As  ultimate  winnings  when  they  rise  ? 

Tbe  only  answer  given  by  algebra  is    ~~\T"  ?-$  where  *  is  the  number  of 

games  about  to  be  played ;  but  the  real  answer  is  evidently  |,  so  that  \  ought 

to  be  the  arithmetical  interpretation  of    ~\     '>;  or  the  equivalent  of 

(^1)»  is  0  if  *  be  indeterminate  and  integer;  and  that  of  (— l)a  is  the  same, 

provided  the  infinity  used  be  the  limit  of  the  ordinal  series  1,  %  3,  4 , 

and  not  the  limit  of  any  partial  series,  as  1,  3,  5,  7....  or  2, 4,  6,  8.i 


192  REPORT— 1857. 

It  would  appear  that  problems  of  this  sort  are  not  soluble  by  algebra  alone, 
when  the  problem  itself  contains  an  indeterminate  element;  but  if  it  contain 
an  infinite  in  lieu  of  an  indeterminate  element,  it  is  soluble  by  algebra,  as  a 
limiting  case  of  some  more  general  problem.  Suppose  a  person  plays  a 
succession  of  games,  of  which,  when  divided  into  sets  of  three,  he  wins  in 
every  first  game  a  pounds,  in  every  second  b  pounds,  and  loses  in  every  third 
game  a +b  pounds ;  what  is  the  present  value  (apart  from  any  considerations 
of  time)  of  what  he  will  gain,  supposing  that  he  plays  until  the  happening  of 
some  event  unconnected  with  the  game  and  which  may  never  happen  ?  The 
answer  given  by  the  Theory  of  Probabilities  is  1  (2  a +b)9  being  the  mean  of 
the  three  possible  results  of  one  set  of  games.  If  the  conclusion  of  the  play* 
ing  be  indeterminate,  algebra  gives  only  an  indeterminate  result;  but  if  the 
conclusion  of  the  playing  be  indefinitely  postponed,  the  answer  to  the  problem 

is,  the  value  to  which  the  series  aa?-r-ta*-r-<?a?B+aj?4-r*  bx*  -fcaf6-f (c  being 

— (a-f&))  approximates  as  x  approximates  to  unity;  and  this  also  is 
%(2a+b).  The  problem  is  in  fact  brought  within  the  domain  of  algebra  by 
considering  it  as  the  limiting  case  of  another  problem,  in  which  an  algebraic 
relation  exists  between  the  values  of  the  winnings  of  each  game ;  and  the  value 
of  the  limit  depends  upon  the  nature  of  the  connexion.  In  the  problem  pro- 
posed, the  a  pounds  won  in  the  first  game  has  no  kind  of  connexion  with 
the  a  pounds  won  in  the  4th,  7th,  &c.  games ;  but  in  the  extended  problem 
a  connexion  exists,  inasmuch  as  we  consider  that  when  axis  the  value  of 
a  pounds  at  the  end  of  the  first  game,  ax\  ax7...  represent  the  values  of 
a  pounds  at  the  end  of  the  4th,  7th,  &c.  games ;  and  it  is  this  consideration 
which  renders  the  problem  an  algebraical  one. 

Considerations  of  this  nature  seem  to  tend  to  the  conclusion,  that  we  are 
not  to  expect  from  algebra  alone,  as  that  science  is  at  present  constituted,  the 
discovery  or  proof  of  the  principle  that  the  analytical  equivalent  of  an  inde- 
terminate expression  is  the  arithmetical  mean  of  all  its  values,  or  any  prin- 
ciple of  this  character ;  for  algebra  being  the  science  of  symbols  irrespective 
of  their  meanings,  knows  nothing  of  symbols  which  are  of  their  own  nature 
periodic  or  alternating,  or  otherwise  limited  as  to  the  values  they  are  capable 
of  having,  or  of  symbols  which  are  indeterminate  in  point  of  value ;  except 
indeed  when  they  occur  as  limiting  cases  of  particular  problems ;  in  which 
cases  their  values  are  to  be  learnt  from  the  specialties  of  the  problem,  or  in 
other  words,  the  science  to  which  the  data  of  the  problem  belong. 

Returning  to  the  consideration  of  infinite  angles,  it  will  be  readily  seen  that 
OCe  and  OC*_0  are  identical  in  every  particular  except  sign.  Considering 
these  angles  as  longitudes  attained,  they  possess  a  species  of  identity  which 
OGj  and  OC^  do  not  possess ;  the  former  pair  have  passed  through  precisely 
the  same  values,  have  traversed  every  meridian  the  same  number  of  times ; 
the  latter  pair  have  not.  Viewing  the  two  pairs  of  infinities  as  angles  im- 
pressed with  every  value  through  which  they  have  passed,  now  that  they  hare 
arrived  at  an  indifferent  or  neutral  value,  the  former  pair  possess  an  absolute 
identity  (except  in  sign)  with  reference  to  our  mode  of  interpretation.  If  we 
take  two  infinities  which  differ  otherwise  than  in  sign,  and  if  we  permit  our- 
selves to  say  that  (— l)a=0  and  (— l)a'=0,  yet  we  could  not  thence  infer 
that(— l)a=(— l)a'  ;  but  since  — 1  =  —  I*"1  identically,  we  may  be  sure 
that  (— l)«a=s(— l)oc*-s  sinCe  OC*=—  OCw_$ ;  and  if  these  quantities  are  to 
be  interpreted  each  into  zero,  we  may  be  sure  that  it  is  the  same  zero.  But 
whether  it  be,  or  be  not,  safe  to  affirm  that  (— 1)  a=0  universally,  we  may  cer- 


tainly affirm,  (the  three  infinities  being  the  same,)  that 


(-!)«         -> 


(-!)«+(-!)-      2- 
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This  consideration  enables  us  to  obtain  the  followiug  results,  without  the  ap- 
plication of  the  principle  of  mean  values,  which,  however,  gives  the  same 
results : — 

Since  2  sin  *=  —  i/3J((— 1  j»  —  (— 1)~*)>  we  have  sin  0C=0. 

Since  tan  x=  —  \/~l  '"""  '*~*~  '  #>  we  have tan<X=  —  *^T(  J  —  i)=0 ; 

and  generally,  the  odd  functions  and  their  odd  powers  will  be  found  to  be  zero. 
The  value  of  the  even  functions  is  not  immediately  perceived,  unless  we  con- 

ceive  ourselves  at  liberty  to  assume  that  ( — 1  )*  and  ( — 1 )  *  become  0  when 
*  is  infinite.  If,  however,  we  bear  in  mind,  that  in  speaking  of  QC  as  an  angle, 
we  are  using  the  symbol  in  its  ordinary  algebraical  sense  of  a  number  which 
is  larger  than  any  number  we  can  name,  and  which  does  not  admit  of  alte- 
ration by  the  mere  addition  or  subtraction  of  any  finite  quantity,  and  con- 
cerning whose  value  nothing  further  can  be  predicated,  we  shall  easily  per* 
ceive  that  cos  QC  must  have  the  same  value  as  sin  QC ;  for  since  • 

cos*=sin  jjp+Ij  =  — . sin  fa?— ^J 

we  have,  with  the  above  meaning  of  infinity, 

cos  OC=s  ±wn  0C>  and  therefore  =0 ; 

from  which  we  are  to  infer  that  (—  l)a  and  (— l)~a,  or  e*0*^1,  are  both 
zero,  since  they  are  equal  and  their  sum  is  zero. 

Since  tan  *=52-f =°  when  x  is  0C=  -5^ ,  we  have  tan  0C=  -       l 


cosa?    0  —sin  a?  tanQC 

By  taking  the  powers  of  2cos*=(— 1)»+(— 1)"~», 

*  *_ 

and  of  2sin*=-Vf-l((-l)"--(--l)%)> 

—  _*. 

and  observing  that  (—1)*  and  (—1)  w.  are  both  zero  when  a?=0C,  we  ob- 
tain 

cos*OC=i-  g»(g»-lXg»-g)---(»+l). 
22»'  1.2.3. ...» 

cosfc^OC^O; 
and  the  powers  of  the  sines  are  the  same.  The  assertion  that  tan  OC=0  is  at 
variance  with  the  result  given  by  Professor  De  Morgan  in  his  treatise  on  di- 
vergent series  in  the  Cambridge  Phil.  Trans,  (vol.  viii.  part  2).  The  result 
deduced  in  that  paper  by  two  methods  is  tan  OC=  ±  ▼  — 1.  The  first  me- 
thod depends  on   the^  assertion  that  log  r-^-]=»V'^T,  and  log  (— J 

=*V  —  1;  but  inasmuch  as  the  two  fractions  whose  logarithms  are  required 
are,  from  their  derivation,  reciprocals  of  each  other,  I  apprehend  that  the  sum 
of  their  logarithms  is  simply  the  logarithm  of  1,  or  zero ;  which  would  lead 
to  tan  QC=0.     The  second  method  leads  to  the  equation  above  deduced, 

tan  0C= ,  from  which  however  we  are  not  at  liberty  to  deduce 

tan  QC 

tan  0C=  ±  */ — 1 .    Independently  of  the  a  priori  difficulty  of  believing  that 

the  mean  value  of  an  odd  function  can  be  other  than  zero,  I  conceive  that  any 
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process  of  mean  values  giving  an  ambiguous  result,  such  as  ±  V~l,  would 
imply  tbat  the  real  result  is  the  mean  between  the  two  values  of  the  ambi- 
guous expression,  which  in  the  present  case  would  be  zero.    That 

(tan  O+tan  *+tan  n+tan  (2  »)+ . .. .+ tan(m  n))+w, 

where  mn=2  t,  approximates  without  limit  to  zero  as  n  diminishes  without 
limit,  may  be  shown  by  causing  n  to  diminish  in  such  a  manner  as  never  to 

be  an  aliquot  part  of  -  or  — .     This  may  be  effected  by  making  n  an  odd 

aliquot  part  (as  small  as  we  please)  of  ir.  It  is  then  certain  that  the  terms 
of  the  above  series  cancel  each  other,  and  we  are  not  embarrassed  with  the 

difficulty  of  proving  that  tan  £+tan  -^=0 ;  for  we  never  fall  on  these  va- 

lues.  Moreover,  it  has  already  appeared  that  the  angle  whose  tangent  is 
V'^l  is  OC*'— 1 ;  which  corresponds  with  the  value  derived  from  the  ex- 
pansion of  tan*1  x  when  x  is  made  equal  to  V"— 1;  while  the  equation 
tan*1  V^^I«OC  would  be  at  variance  with  this  expression. 

In  conjunction  with  tan  (OC  v'— 1)«=  v'— 1  it  may  be  useful  to  notice, 

coa(xS=l)**2(t*+e-);  cos(0Cvr::l)=0C; 

sin(a?^=I)— -£-"  (•*-«-*);  •in(0C^=l)-QC^-I; 

and  to  compare  these  expressions  with  the  hyperbolic  tangent,  cosine,  and 
sine  of  a  real  angle  which  are  respectively  1,  OC,  and  OC 

We  have  already  remarked  that  the  results  here  contemplated,  whether 
arrived  at  by  the  principle  of  means,  or  by  reference  to  the  problems  produciog 
them,  are  to  be  regarded  not  as  unique  values,  but  as  interpretations  quoad 
the  particular  subject  in  hand.  It  is  not  true  that  1  —  1  +  1  —  1+..... equals 
\  generally,  or  that  this  series  has  any  unique  value ;  for  it  may  be  made  to 

represent  any  proper  fraction  —  by  making  it  the  limit  of  the  series 

1  — .£»  +  xn—xBi+H  +  X**— -;**«+»*-f  3*»— *■»+*»  + or  . 

1—  *• 

If  A  and  B  play,  and  win  alternately,  A  winning  the  first,  the  value  of  A's 
winnings  is  -J ;  but  that  is  only  on  the  assumption  that  there  are  no  drawn 
games ;  for  if  there  be  in— I  drawn  games  after  each  game  won  by  B  before 

A  wins  again,  the  value  of  A's  winnings  is  — ,  being  the  limit  of  the  &bovf 

M 

series ;  and  if  the  number  of  games  played  be  indefinite,  the  doctrine  of  means 
leads  to  this  identical  result. 

It  has  been  suggested  by  Mr.  De  Morgan  in  the  memoir  above  referred  to, 
that  the  fabric  of  periodic  series  and  integrals  raised  by  Fourier,  Poisson, 
Cauchy  and  others  would  be  exposed  to  great  danger  by  the  production  of 

any  case  in  which  1  —  1  + should  differ  from  |  when  it  is  the  limit  of  a 

series  A0—  Aj  + If  this  suggestion  should  prove  to  be  well-founded,  it 

would  lead  to  great  doubt  as  to  the  truth  of  the  results  obtained  by  these 
analysts ;  for  although  I  am  not  able  to  adduce  any  instance  in  which  tbe 
.known  analytical  envelopment  of  such  a  seriesas*tt°)— *W>+xW8).— *$<»)+.. . 
differs  from  £  when  *=1,  yet  it  is  easy  to  adduce  cases  in  which  the  doctrine 
of  mean  values  applied  to  such  a  series  fails  to  produce  £  as  the  limiting  value. 
This  doctrine  gives  as  the  limiting  value, 


ON  TELE8COPE8  AND  EQUATORIAL  MOUNTINGS.  195 

_»(O)-0O)+?(g)-0(3) + ±0(n) 

fin) 
n  being  made  infinite.    Iff(n)  be  n9,  so  tbat  the  series  become*  1— ar+a:4 

— ar»+a?w— ,   this   mean  value  is  (1+5  +  9+13+17+  .  +(4\p  +  l)) 

+(2p+l)*,  which,  as/>  increases,  approaches  £;  and  in  this  case  the  ana- 
lytical envelopment,  which  can  be  found  in  the  shape  of  a  definite  integral, 
also  gives  ^.  The  doctrine  of  means  gives  the  same  result  for  any  other  in- 
teger power  of  n ;  and  probably,  if  the  analytical  envelopment  were  found,  it 
would  give  the  same  value.  But  if  $>(»)  be  of  the  form  a",  the  doctrine  of 
mean  values  gives  as  the  limit  of  the  series 

,_  XW +*<«•)— x^) +*(«*) — t 

not  i,  but -.;  and  this  circumstance  of  itself  would  induce  me  to  require 

1+i 
a 

to  see  the  analytical  envelopment  of  the  series  before  I  pronounced  its  limit- 
ing value  to  be  \.  There  are  algebraic  considerations  which  would  rather 
t*  nd  towards  the  conclusion  that  this  limit  is  a  function  of  a ;  for  when  a  is 
J,  its  value  is  \\  and  if  a  be  infinite,  its  value  appears  to  approximate  to 
unity.  It  is  perilous,  however,  to  hazard  surmises  as  to  the  value  of  this  limit, 
so  long  as  no  finite  equivalent  for  the  series  is  produced. 


Report  on  the  Improvement  of  Telescope  and  Equatorial  Mountings. 
By  Thomas  Grubb,  M.R.I.A.  fyc. 

The  labours  of  the  Earl  of  Rosse,  now  only  perhaps  receiving  due  appre- 
ciation, have  placed  beyond  doubt  the  practicability  of  producing  specula 
for  reflecting  telescopes  of  dimensions  equalling,  if  not  exceeding,  those 
which  the  conditions  of  our  atmosphere  permit  of  being  used  with  advan- 
tage, combined  with  an  accuracy  of  surface  and  consequent  excellence  of 
definition  which  we  can  scarcely  either  hope  or  desire  to  surpass. 

Meantime  the  achromatic  objective  has  received  but  small  increment  of 
dimension,  and  is  now  probably  for  ever  distanced,  in  this  respect,  by  its 
competitor  the  reflector.  The  spirited  exertions  of  the  Messrs.  Chance  of 
Birmingham  have  indeed  produced  a  pair  of  discs  suited  to  the  formation  of 
an  object-glass  of  about  29  inches  diameter,  but  these  exertions  have  not 
been  seconded  by  a  corresponding  spirit  in  Great  Britain,  either  public  or 
private.  A  few  years  since,  the  possible  acquisition  of  an  achromatic  tele- 
scope, of  corresponding  gigantic  size,  was  looked  forward  to  as  a  national 
triumph,  if  ever  accomplished;  but  our  Government,  retaining  its  character 
of  proverbial  supineness  (if  not  apathy)  in  such  matters,  has  allowed  these 
splendid  discs  to  be  transmitted  to  a  more  congenial  kingdom ;  yet  even  there 
the  work  seems  to  progress  but  slowly,  and  I  apprehend  that  their  formation 
into  an  object-glass  is  still  a  work  for  the  future.  Four  years  have  now  passed 
*ince  the  production  of  these  discs,  and  nearly  three  years  since,  on  being 
applied  to  by  Messrs.  Chance,  I  offered  to  form  them  into  an  object-glass. 
Under  such  circumstances  it  is  desirable  that  attention  should  be  turned  to 
the  reflecting  form  of  telescopes  as  that  alone  suited  for  instruments  of  the 
largest  dimensions,  and  important  that  these  should  receive  from  time  to 
time  such  accessions  of  improvement  as  the  progressive  steps  in  arts  or 
science  place  at  our  disposal. 

o2 
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Now  the  two  points  in  which  inferiority  may  be  at  present  held  as  against 
the  reflector  are — the  greater  liability  of  the  surfaces  to  tarnish,  and  the 
less  intrinsic  brilliancy  of  the  pencil.  In  respect  of  the  first,  I  hold  the 
objection  to  be  much  less  in  amount,  with  good  specula,  than  usually  sup- 
posed. If  we  have  to  infer  that  Sir  J.  Herschel  frequently  repolished  his 
mirrors  at  the  Cape,  we  know  that  some  specimens  of  optical  glass  have 
rapidly  deteriorated.  It  was  stated  by  Professor  Moll,  of  Utrecht,  at  the 
former  Meeting  of  the  British  Association  in  Dublin,  that  there  was  then  in 
Paris  an  object-glass  through  which  we  might  in  vain  attempt  to  look  ;  but 
it  is  manifest  that  neither  a  low  quality  of  speculum  metal,  nor  glass  carrying 
its  own  destruction  within  its  substance  is  fitted  for  optical  instruments,  and 
that  both  should  be  equally  avoided.  As  a  proof  of  the  permanence  of  good 
specula  metal,  I  may  mention  that  on  a  recent  occasion,  a  surface  twelve 
years  polished  showed  an  increase  of  only  six  per  cent,  of  reflecting  power 
on  being  repolished. 

In  respect  of  the  second  point  of  inferiority  of  the  reflector,  viz.  the  greater 
absorption  of  the  incident  light,  and  consequent  lesser  intrinsic  brightness  of 
its  pencil,  as  compared  with  that  of  the  achromatic  I  would  observe,  in  limine, 
that  this  difference  decreases  as  the  size  of  the  object-glass  increases,  so  that 
an  object-glass  of  4  feet  diameter,  and  of  a  thickness  adequate  to  resist 
flexure,  would  transmit  little,  if  any,  more  light  to  the  eye  than  a  reflector  of 
equal  aperture  as  it  is  now  possible  to  construct  it.  Such  considerations  do 
not  however  lessen  the  importance  of  obtaining  for  the  reflecting  telescope 
every  possible  accession  as  well  to  the  permanence  as  to  the  reflective  power 
of  its  surfaces,  compatible  with  their  general  accuracy  and  perfection  of 
figure.  To  the  improvement  of  the  reflecting  telescope  in  these  respects,  I 
have  lately  devoted  some  attention ;  how  far  I  have  realized  what  is  valuable 
remains  to  be  shown. 

So  far  as  the  Cassegrain  and  Gregorian  forms  are  concerned,  these  im- 
provements are  based  upon  the  employment  of  one  or  more  silvered  (not 
quicksilvered)  surfaces;  and  my  first  application  of  it  has  been  to  that  form 
of  the  reflecting  instrument  which  I  have  long  preferred  (not  perhaps  without 
good  reason)  to  all  others,  viz.  the  "  Cassegrain."  Convinced,  from  previous 
practical  working  of  both  speculum  metal  and  glass,  that  both  were  capable 
of  receiving  equal  degrees  of  accuracy  of  surface,  I  conceived  it  unnecessary 
to  stop  to  consider  Whether  the  failure  of  a  recorded  attempt  to  construct  a 
reflecting  telescope  of  quicksilvered  surfaces  was  due  to  the  errors  of  work- 
manship of  the  artist,  or  the  formula  by  which  he  was  guided,  and  selected 
the  small  mirror  of  the  Cassegrain  telescope  for  experiment. 

Now  the  most  obvious  construction  for  a  silvered  mirror  for  such,  was  to 
form  a  lens  (so  to  speak)  of  equal  thickness  throughout,  having  no  disper- 
sion, and  therefore  requiring  no  correction  of  colour,  and  to  silver  the  con- 
cave surface.  This  construction  I  rejected,  notwithstanding  its  simplicity, 
on  considering  that  there  would  be  a  secondary  image  (coinciding  nearly 
with  the  primary)  formed  by  the  outer  or  unsilvered  surface,  and  producing 
what  is  called  a  "  ghost "  in  the  field  of  view. 

I  therefore  assumed  a  radius  of  curvature  for  the  outer  surface  differing 
considerably  from  that  of  the  inner  or  silvered  surface ;  and  as  this  would 
produce  refraction  and  therewith  colour,  it  became  necessary  to  adopt  an 
achromatized  compound  of  crown  and  flint  glass.  This  being  constructed, 
has  proved  altogether  satisfactory :  the  inner  surfaces  being  cemented,  no  ap- 
preciable loss  of  light  occurs  from  using  two  lenses  instead  of  one ;  the  re- 
flecting surface  being  as  yet  only  quicksilvered,  no  increase  of  light  should 
be  expected :  still,  when  the  combination  is  used  in  a  telescope,  the  image 
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appears  both  brighter  and  whiter  than  when  using  the  ordinary  small  spe- 
culum; the  image  also  appears  perfectly  free  from  chromatic  dispersion. 
When  the  quicksilver  shall  have  been  replaced  by  a  surface  of  pure  silver, 
the  increase  of  light  will  of  course  be  equivalent  to  the  proportionably  higher 
reflective  power  of  the  latter,  which,  in  the  absence  of  good  photometric  ob- 
servations, may  be  estimated  at  the  least  at  a  fourth.  The  same  principles  I 
propose  to  apply  to  the  improvement  of  the  Gregorian  telescope,  with  in- 
verted surfaces. 

In  the  case  of  the  Newtonian  reflector,  and  where  the  aperture  does  not 
exceed  12  inches,  the  prism  of  total  reflexion  with  plane  surfaces,  as  at  pre- 
sent occasionally  used,  seems  hardly  to  admit  of  improvement ;  but  for  much 
larger  apertures,  and  especially  when  we  appfoach  the  size  of  Lord  Rosse's 
great  telescope,  where  the  requisite  size  of  the  prism  would  involve  the  pass- 
ing of  the  rays  through  about  6  inches  of  glass,  the  case  is  widely  different, 
and  if  the  difficulty,  not  to  speak  of  the  expense,  of  procuring  prisms  of 
homogeneous  and  perfectly  annealed  glass  of  adequate  dimensions  did 
not  prevent  their  use,  their  thickness  would  go  far  to  neutralize  their  use- 
fulness. 

The  arrangement  which  here  first  presented  itself,  as  affording  some  spe- 
cial advantages  and  permitting  of  a  great  reduction  in  the  size  of  the  reflect- 
ing prism,  was  to  construct  the  prism  with  a  converging  power,  and  place  it 
beyond  the  focus  of  the  large  speculum,  so  that  the  reflected  pencil  would 
form  a  secondary  image  to  be  viewed  by  the  eye-glass  instead  of  the  primary. 
By  adopting  an  aplanatic  construction  for  the  prism,  the  distinctness  would 
be  preserved,  and  the  entire  arrangement  better  (as  having  fewer  surfaces) 
than  the  more  obvious  one  of  a  small  plane  prism  placed  a  short  distance 
within  the  focus,  and  reaching  (so  to  speak  J  this  image  with  a  long  com- 
pound eyepiece  of  four  lenses.  Both  constructions,  however,  include  two 
obvious  disadvantages ;  viz.  a  secondary  image,  illuminating  the  surfaces  and 
making  the  field  less  dark  than  otherwise ;  and  secondly,  and  which  is  of 
more  consequence,  a  very  reduced  field  of  view. 

That  form  of  the  reflecting  prism  which  I  propose  for  adoption  in  the  case 
of  large  Newtonian  reflectors,  is  as  follows : — the  prism  is  an  aplanatic  com- 
pound of  negative  or  diverging  power ;  this  power  is  of  course  arbitrary  or  ad 
libitum,  but  I  prefer  that  it  be  such  as  will  about  halve  the  angle  of  con- 
vergence of  the  pencil  passing  through  it  from  the  large  speculum.  As- 
suming this  proportion  to  be  adopted,  the  practical  effect  will  be  as  follows: — 
the  requisite  size  of  the  prism  will  be  just  halved  (linearly),  the  resulting 
image  will  be  doubled  in  linear  dimensions,  and  the  magnifying  power  (with 
*ny  given  eyepiece)  augmented  in  the  same  proportion.  The  length  of  the 
telescope  will  indeed  be  increased,  but  only  by  one-fourth  of  a  diameter  of 
the  large  speculum.  This  arrangement  has  the  obvious  advantages  of  the 
fewest  possible  surfaces,  and  no  secondary  image.  It  has  been  objected  that 
the  field  of  view  is  by  it  lessened.  I  cannot  consider  such  to  be  the  case  in  a 
practical  sense ;  for  even  with  Lord  Rosse's  telescope  of  54  feet  focus,  the 
lowest  eyepiece  in  general  use  may  be  doubled  in  all  its  proportions,  and  with 
such  lower-power  eyepiece  and  the  proposed  prism,  the  magnifying  power  and 
angular  extent  of  field  would  correspond  with  these  same  as  obtainable  from 
the  combination  of  the  higher  eyepiece  and  ordinary  plane  mirror  or  plane 
prism. 

H  will  be  observed  that  my  proposed  improvements,  so  far  as  described, 
relate  only  to  substitutes  for  the  small  mirror  of  reflecting  telescopes ;  and 
for  so  far  1  consider  they  may  be  confidently  and  advantageously  applied.  I 
see)  however,  no  reason  why  the  same  may  not  be  applied  to  the  large  specula 
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of  the  smaller  reflecting  instruments,  and,  assuming  that  either  the  CassegraiD 
or  Gregoriau  form  is  selected,  a  beautiful  principle  of  correction  is  indicated, 
viz.:  let  both  large  and  small  mirrors  be  made  each  of  a  single  piece  of  glass, 
let  the  outer  surface  of  the  larger  lens  (that  which  when  silvered  becomes 
the  larger  speculum  of  the  telescope)  differ  in  its  radius  of  curvature  from 
that  of  the  silvered  surface  by  the  least  quantity  which  will  sufficiently  dis- 
sipate its  reflected  image  in  the  field,  and  let  the  outer  surface  of  the  smaller 
lens  (that  which  when  silvered  becomes  the  small  speculum)  differ  from  the  sil- 
vered surface  of  the  same  in  an  opposite  manner,  i.e.(allowing  for  the  distance 
between  the  two  lenses)  so  that  the  colour  produced  by  the  refraction  of  the 
larger  lens  shall  be  balanced  by  the  colour  of  an  opposing  refraction  in  the 
smaller.  This  done,  the  combination  as  a  whole  will  be  achromatiied,  and 
the  secondary  images  (or  "  ghosts  H)  so  far  dilated  as  to  be  insensible  in  the 
field. 

For  the  great  speculum  of  instruments  of  the  largest  class  we  probably 
must  retain  the  speculum  metal ;  there  is,  however,  a  construction  which  it 
possibly  practical  up  to  a  considerable  size,  viz.  that  of  a  comparatively  thin 
lens,  silvered  at  the  back,  and  supported  throughout  its  back  (or  nearly  so)  by 
a  thick  or  ribbed  disc  or  casting  of  glass  or  metal,  ground  to  fit  with  ade- 
quate accuracy. 

It  may  be  useful,  in  concluding  this  section  of  the  subject,  to  make  a  rough 
comparison  of  the  achromatic  and  reflector.  A  15-inch  reflector,  in  which  the 
suggested  improvements  were  carried  out  so  far  only  as  the  small  metal  is 
concerned,  would  equal  a  12-inch  achromatic  in  light,  and  a  reflector  of  36 
inches  in  diameter,  similarly  circumstanced,  would  be  more  than  equivalent 
to  an  achromatic  of  the  size  of  the  29-inch  discs  already  spoken  of,  while, 
the  length  of  the  telescope  being  in  each  instance,  for  the  achromatic,  more 
than  double  that  of  the  reflector,  the  expense  of  the  mounting  may  be 
estimated  as  fourfold. 

In  passing  to  the  second  division  of  my  subject,  viz.  the  improvement  of 
the  equatorial  mounting  of  large  telescopes,  I  would  first  briefly  advert  to 
the  several  constructions  in  use,  and  which  may  be  classed  under  three 
varieties,  two  of  which  are  of  English,  the  third  of  German  origin.  We  have, 
then,  the  long-polar  axis  variety,  which  has  the  great  disadvantage  of  the  un- 
steadiness resulting  from  the  telescope  being  attached  to  nearly  the  weakut 
part  of  an  axis  longer  than  itself.  Secondly,  we  have  the  overhanging  con- 
struction, consisting  of  a  cone  of  great  comparative  weight  and  dimensions, 
and  prolonged  beyond  its  upper  bearing  in  a  biforked  manner,  thereby  ad- 
mitting of  the  telescope  turning  on  bearings  within  the  projecting  fork.  This 
construction  requires  for  steadiness  an  unwieldy  mass  of  moving  matter  in 
proportion  to  the  optical  power  it  supports,  four  tons  being  used  in  the  case 
of  a  telescope  of  8  inches  aperture,  a  mass  tenfold  that  required  with  a 
better  construction. 

The  third  variety,  or  German  form  of  equatorial,  has  the  advantage  of  the 
telescope  being  supported  as  close  as  possible  to  the  strongest  part  of  its 
polar  axis ;  and  the  efficiency  of  such  mounting  is  placed  beyond  doubt  by 
the  well  known  Dorpat  instrument,  and  subsequently  by  the  working  of 
still  larger  instruments,  for  example,  that  erected  many  years  since  in  this 
country  for  E.  J.  Cooper,  Esq.,  where  the  telescope  is  13^  inches  aperture 
and  2Q  feet  focus,  and  which  has  remained  in  effective  use,  with  scarcely  any 
repair,  from  the  time  of  its  erection,  although  unprovided  with  a  dome  or 
other  roof, — a  point  of  no  slight  importance  when  we  consider  the  expense  of 
such  for  so  large  an  instrument,  not  to  speak  of  the  labour  and  time  con- 
sumed in  moving  it  during  observation. 
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It  will  be  seen,  from  this  short  mention  of  the  several  varieties  of  equato- 
rial mountings,  that  I  give  a  most  decided  preference  to  the  general  form  or 
principles  of  construction  of  the  German  instrument,  in  which  preference  it 
cannot  be  supposed  that  there  is  any  undue  element  of  partiality,  as  none  of 
the  forms  are  of  my  own  devising.  The  British  Association,  it  will  be  re- 
collected, long  since  impressed  with  the  importance  to  science  of  having  a 
powerful  instrument  sent  to  a  southern  latitude,  urged  the  British  Govern- 
ment to  contribute  to  the  work,  and  appointed  a  committee  to  examine  and 
select  the  most  effective  form  of  instrument,  Sic.  &c.  Anxious  to  be  a  suc- 
cessful competitor  in  such  an  undertaking,  I  applied  myself  to  remove  the 
only  apparent  objection  to  the  German  form  of  instrument,  and  also  to  devise 
such  modification  of  its  details  as  would  suit  it  pre-eminently  for  a  latge  re- 
fleeting  telescope.  Both  these  objects  were  accomplished  with  entire  success. 
My  plan,  as  also  estimates,  had  the  honour  of  being  approved  of  by  the 
Committee  before  referred  to ;  and  although  it  would  now  appear  as  if,  from 
some  occult  cause,  the  distinction  of  being  the  constructor  of  the  proposed 
instrument  is  likely  to  remain  an  honorary  one,  still,  as  the  improvements 
spoken  of  are  applicable  to  instruments  of  much  smaller  dimensions,  it  may 
not  be  unprofitable  to  lay  the  general  principles  and  results  of  these  before 
the  Association. 

That  which  the  German  form  of  equatorial  seemed  alone  to  require,  was 
a  system  of  equipoise  inter  se>  unobjectionable  in  itself,  and  which  would 
reduce  the  nature  of  the  pressures  of  the  declination  axis  on  its  bearings  to 
the  same  which  these  would  be  if  the  polar  axis  were  vertical  instead  of  in* 
dined  to  the  co-latitude  of  the  observatory.  The  declination  axis  of  a  large 
instrument  of  the  German  type  has  necessarily  great  diameter,  and  its  bear- 
ings, if  ground  in  to  fit  without  shake,  as  they  may  be  in  a  small  instrument, 
would  have  too  much  friction ;  it  is  therefore  desirable  that  the  bearings 
should  be  in  effect  Y*,  and  in  order  that  such  bearings  shall  be  as  admissible 
as  in  a  meridional  instrument,  the  pressure  of  the  axis  on  each  side  of  its  Y 
bearing  should  be  equal  in  every  position  of  the  instrument;  moreover,  it  is 
desirable  that  the  end  pressure  of  the  declination  axis,  in  all  positions  of  the 
instrument  out  of  the  meridian,  shall  be  neutralized.  These  important  condi- 
tions are  perfectly  fulfilled  by  a  system  of  internal  counterpoise,  which,  being 
applied,  then  permits  of  an  external  system  of  anti-friction  rollers,  relieving 
the  Y  bearings  of  all  but  a  fractional  portion  of  the  remaining  pressure  of 
the  declination  axis  and  its  appendages  (viz.  the  telescope  and  its  counter- 
poise). The  result  of  such  arrangement  may  be  readily  anticipated ;  an 
achromatic  telescope  of  12  inches  aperture  and  20  feet  focus,  so  mounted 
and  with  perfect  steadiness,  is  moved  by  a  force  of  about  one  pound  applied 
at  the  eye  end. 

Secondly,  and  for  the  equatorial  mounting  of  the  largest  reflecting  instru- 
ments up  to  6  feet  diameter  (the  size  of  Lord  Rosse's),  if  required,  I  modify 
the  German  type,  as  shown  in  the  drawings  exhibited,  by  placing  the  decli- 
nation axis  within  instead  of  beyond  the  larger  end  of  the  polar,  and  I  invert 
the  whole.  Thus  the  previous  steadiness  is  rather  increased ;  the  bearings  of 
the  polar  axis  may  both  be  of  minimum  size,  and  the  centre  of  gravity  of  the 
whole  instrument  is  brought  as  close  to  the  ground-level  as  can  be  desired, 
instead  of  being  considerably  aloft ;  also,  the  settings  and  readings  of  the 
largest  instrument  are  rendered  most  convenient,  and  the  observer  is  gene- 
rally close  to  the  ground,  and  never  more  than  a  few  feet  from  it. 

The  subjoined  Table  contrasts  the  weights  to  be  moved  and  power  required 
for  the  same,  in  the  second  English  and  improved  German  forms  of  equa- 
torial*, for  telescopes  of  several  sizes,  viz.—* 
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A 

B 

C 

D 

No. 

Sixe  of  Instrument. 

Forma  of  Mounting. 

Weight  to 

be  moved, 

in  lbs. 

Force  ieqdned, 

acting  ate 
reditu  of&feeL 

i} 
1} 
i) 

For  a  4-feet  reflector.... 
For  an  8-inch  refractor.. 
For  a  12-inch  refractor.. 

f  English  form  No.  2 

\  German  form  improved. 

f  English  form  No.  2 

\  German  form  improved. 

f  English  form  No.  2 

\  German  form  improved. 

45,000 
19,000 

8,000 
600 

18,000 
1,200 

250        l 
20        , 

1 
45 

1 

90 
2 

In  respect  to  the  foregoing  Table,  it  is  right  to  state,  that,  so  far  as  No*.  1 
and  2  are  concerned,  the  data  in  columns  C  and  D  are  the  results  of  cal- 
culation ;  and  the  same  is  to  be  understood  of  column  D  in  the  case  of  No.  3. 
The  data  for  No.  5  are  taken  directly  from  those  of  No.  S,  while  the  numbers 
appended  to  No.  6  give  the  result  of  actual  experience. 


Report  on  the  Experimental  Plots  in  the  Botanical  Garden  of  the  Royal 
Agricultural  College  at  Cirencester.  By  James  Buckman,  FJL.Sn  F.A.S* 
F.G.Sn  fyc,  Professor  of  Geology  and  Botany,  Lecturer  on  Geology,  $c 
at  the  Cheltenham  Proprietary  College. 

The  experimental  plots  in  the  garden  of  the  Royal  Agricultural  College 
rest  partly  on  a  thin  bed  of  forest  marble  clay  and  partly  on  the  brashy  soil 
of  the  underlying  Great  Oolite,  so  that,  although  most  of  the  soil  is  of  a 
heavy  tenacious  character,  still  a  large  portion  is  that  of  the  porous  Stone- 
brashes  so  prevalent  in  the  district,  the  nature  of  the  geology  being  readily 
made  out  from  the  following  section. 


a.  Forest  Marble  Clay. 


b.  White  Freestones  of  the  Great  Oolite. 


Neither  the  staple  of  the  land  itself,  nor  any  method  of  cultivation  that  has 
as  yet  been  adopted  renders  this  part  of  the  Royal  Agricultural  College  Farm 
better,  if  indeed  equal,  to  the  land  of  the  best  part  of  the  farm ;  so  that  the 
agricultural  experiments  at  least  are  not  likely  to  suffer  in  value  from  being 
carried  on  too  exclusively  under  the  conditions  of  garden  culture. 

The  garden  is  for  the  most  part  divided  into  plots,  the  greater  portion  of 
which  are  2£  yards  square — many  however  are  double  that  size, — whilst  small 
borders  are  occupied  with  single  specimens  of  flowering  plants,  the  latter 
being  mostly  grown  for  assisting  demonstrations  in  the  lecture  room. 

With  merely  agricultural  experiments,  the  method  I  have  adopted  is  to 
first  use  a  small  plot,  and  then  adopt  either  a  5-yard  plot  or  four  of  these 
united,  after  which  the  matter  is  transferred  to  the  farm  ;  so  that  as  time  pro- 
gresses, and  facilities  for  carrying  on  these  experiments  increase,  it  is  hoped 
that  this  garden  may  be  the  means  of  introducing  new  and  valuable  varieties 
of  crops  to  the  farmer,  as  well  as  of  elucidating  some  interesting  facts  and 
principles  in  Botanical  science. 

The  plots  for  the  present  year,  1857>  are  employed  in  the  growth  of  plants 
in  the  following  groups . — 
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Plots. 

1.  Meadow  and  pasture  grasses 66 

2.  Cereal  grasses — Corn  crops 16 

3.  Papilionaceous  plants SO 

4.  Green  feeding  crops 20 

5.  Esculent  vegetables 9 

6.  Economic  and  medicinal  plants     ......  16 

7.  Weeds 5 

8.  Flowering,  ornamental,  and  other  plants      .    •    .  50 

Total  212 

1.  The  Grasses. — These  may  be  very  conveniently  divided  into  the 
following  groups. 

a.  Grasses  of  value  in  meadow  and  pasture, 
o.  Grasses  which  are  but  pasture  or  agrarian  weeds. 
c.  Grasses  which  indicate  certain  conditions  of  soil,  climate,  &c. 
As  regards  the  plots  of  grasses  generally,  I  may  state  that  last  year  these 
consisted  to  a  great  extent  of  two  sets,  one  planted  five  years  before,  and  a 
new  lot  now  just  coming  to  perfection,  the  difficulty  of  keeping  species  un- 
mixed, and  other  circumstances  attendant  upon  growing  specimens  in  small 
plots,  rendering  frequent  renewal  absolutely  necessary.     As  respects  the 
purity  of  a  crop,  the  older  beds  offered  some  most  interesting  observations, 
as  they  show  how  in  a  short  period  one  species  may  be  entirely  lost,  and  the 
ground  be  taken  possession  of  by  others ;  hence  the  following  :— 
Original  Crop*.  Possessed  by 

Phleum  pratense.  Arrhenatherum  avenaceum. 

Alopecurus  pratensis.  Dactylis  glomerata. 

Lolium  Italicum  Poa  pratensis. 

-    — —  perenne.  Poa  pratensis  and  others. 

Cynosurus  cristatus.  Holcus  lanatus. 

Poa  trivialis.  Poa  nemoralis. 

Three  beds,  side  by  side,  have  become  mixed  in  the  following  manner. 


Triticum  caninum. 

Wheat 
1. 

Last  year. 

Hordeum  murtnum. 

1. 

2 

1. 

3. 

Observations  of  this  nature  are  interesting  in  a  practical  point  of  view,  as, 
from  cultivation  or  the  want  of  it,  meadows  are  constantly  changing  their 
contents,  good  grasses  gaining  the  ascendant  in  the  former,  and  bad  in  the 
latter.  In  my  plots,  bad  grasses,  that  is  those  of  a  poor  feeding  quality, 
take  possession  of  plots  originally  sown  with  better  kinds ;  this  arises  from 
the  circumstance  of  the  general  poverty  of  the  soil,  which  is  assisted  by  these 
crops  never  being  depastured  like  those  of  meadows,  but  on  the  contrary  are 
left  to  perfect  themselves  for  the  teaching  of  the  students,  and  consequently 
are  annually  cut  down  as  ripened  or  seeded  grasses,  thus  affording  a  practical 
example  of  the  injury  arising  from  exhausting  crops,  besides  showing  that 

*  These  and  most  of  the  older  beds  have  this  year  been  occupied  by  totally  different  crops, 
the  old  crops  of  grasses  being  gradually  destroyed* 
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many  of  the  grasses  only  maintain  a  perfectly  perennial  habit  by  being  crop- 
ped off  before  they  have  seeded.  This  consummation  having  been  attuned, 
many  species,  such  as  the  Loliums,  Hordeums,  Dactylis,  and  Alopecurus,  die 
out  the  same,  or  at  best  the  second  year  afterwards  ;  and  indeed  in  cultiva- 
tion, even  when  cut  before  it  is  ripe,  the  old  plants  gradually  die  out 

Grasses  indeed  differ  so  much  in  the  species  that  prevail  and  the  well  or 
ill  doing  of  these  according  to  circumstances,  that  the  practical  observer  of 
them,  either  in  a  wild  or  cultivated  shape,  or,  better,  both,  may  become 
acquainted  not  only  with  the  broad  features  connected  with  the  conditions 
of  soil,  but  all  their  inflections,  such  as  its  value,  the  cultivation  it  has 
experienced  or  that  should  be  adopted,  mechanical  texture,  want  of  draining, 
and  the  like. 

As  regards  particular  Botanical  facts  that  have  received  illustration  from 
my  experiments,  I  would  shortly  comment  upon  the  following  genera:— 
Alopecurusj  Dactylis,  Agrostis,  Poo,  Festuca  and  Bromus*.  Of  the  first  two 
genera,  I  received  packets  of  seed  from  the  seedsman  with  the  following 
names :— - 

Ahpecurus  pratensis.  Dactylis  glomerata. 

„        nigricans,  „       gigantea. 

The  A.  nigricans  I  take  to  be  but  a  variety  of  A.  pratensis ;  and  indeed, 
after  three  years  of  growth,  it  may  almost  be  pronounced  as  identical.  Both 
do  well ;  and  I  can  see  no  reason  for  preferring  the  one  to  the  other,  so  alike 
are  they  in  growth  and  habit. 

As  regards  the  two  names  of  Dactylis,  for  they  are  nothing  more,  they  are 
here  inserted  to  note  with  reprehension  a  practice  too  often  adopted  by  seeds- 
men, of  giving  a  new  name  from  some  accidental  enlargement  of  form  per- 
haps arising  from  suitable  soil — or  other  unimportant  distinctions ;  and  thus 
disappointment  results  to  the  cultivator,  while  works  are  burdened  with 
synonyms. 

Agrostis.— The  last  year's  plots  of  this  were  as  under : — 

Plot  A.  Agrostis  vulgaris.  Plot  B.  Agrostis  stolonifera. 

These  were  sown  in  1855,  and  at  the  last  meeting  they  presented  the  follow- 
ing appearances: — 

A.  "  Presents  the  usual  delicate  A.  vulgaris  of  the  grass  meadows  with 
a  few  plants  of  A.  stolonifera  intermixed." 

B.  "  The  general  plant  is  A.  vulgaris  having  a  Jew  A.  stolonifera  inter- 
mixed ;  and  these  latter  present  more  of  the  A.  alba  form  than  of  the  con- 
gested inflorescence  and  true  stolon  growth  of  the  A.  stolonifera." 

This  seems  to  favour  the  view  that  the  three  forms  are  all  referable  to  a 
single  speciesf ,  as  when  cultivated  in  a  like  position  their  broader  features 
of  distinction  are  lost,  and  the  seed  of  one,  though  for  the  most  part  coming 
true,  will  still  send  up  exceptional  examples  of  each  of  the  others  ;  but  the 
diversity  of  conditions  under  which  the  three  forms  occur  in  nature  seems 
sufficient  to  account  for  the  different  aspect  which  they  assume,  such  as— 

A.  vulgaris,  common  to  upland  meadows. 

A.  alba,  in  ditches  and  damp  places. 

A.  stolonifera,  in  stony  brashes,  mostly  an  accompaniment  of  agrarian  con- 
ditions. 

*  A  vena  and  JSgUops  to  be  noticed  in  the  Cereal  list. 

f  This  is  more  strongly  confirmed  in  the  present  year,  1857,  as  now 

Plot  A  ia  attaining  the  size  and  appearance  of  A.  alba. 

Plot  B  is  nearly  all  A.  alba.    These  plots  are  on  a  thin  day  bad. 
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Poa«— Of  this  genus,  among  other  species  the  two  following  were  sown 
side  by  side. 

P.  aquatica  (Glyceria).        P.fluitans  (Glt/ceria). 

These  were  sown  in  the  autumn  of  1855.  During  1856  stiff  and  sturdy 
sliort-and  rigid-leaved  plants  were  forming ;  these  leaves  were  so  harsh  as  to 
cut  the  flesh  on  the  slightest  touch.  During  the  present  year,  1857,  they 
have  flowered,  and  to  my  utter  astonishment  the  plants  of  both  plots  arc  the 
same;  the  culms  were  as  much  as  a  yard  in  height,  and  the  flowers  so  small 
and  ovate  as  quite  to  justify  the  retaining  of  the  generic  name  of  Poa  for  the 
whole  group. 

While  these  grasses  were  flowering,  I  watched  them  from  day  to  day  with 
great  interest,  as  in  all  their  parts  they  differed  so  much  from  any  known 
species;  the  short  rigid  leaves  with  the  angular  sheath,  and  the  elegant  panicle 
of  flowers  from  their  size,  and  the  rigidity  of  the  whole  plant  removed  these 
far  from  the  P. pratensis  y  and  the  whole  details  differed  so  much  from  the 
forms  whose  seed  was  sown  as  well  as  from  all  other  recognised  forms,  that 
while  it  showed  me  I  could  not  have  mistaken  my  seed,  it  also  was  con- 
vincing that  I  had  obtained  a  new  and  singular  variety.  This  indeed  is  not 
to  be  wondered  at  when  we  consider  that  both  the  forms,  the  aquatica  and 
Jiuitangy  absolutely  grow  in  the  water  ;  but  here  I  had  got  them  to  grow  in  an 
upland  situation,  and  to  manage  like  other  upland  grasses  with  only  water 
from  rain.  Still  the  change  was  so  curious,  that  I  was  anxious  to  re-examine 
the  seeds  as  sown ;  and  fortunately  some  of  the  packets  were  saved,  and  I 
can  pronounce  them  true  as  named*. 

Here  then  I  cannot  help  concluding  that  even  such  dissimilar  grasses  as 
the  typical  forms  of  P.  aquatica  and  P.fluitans  are  not  specifically  distinct ; 
and  though  the  former  in  its  wild  state  bears  a  large  and  diffuse  panicle  of 
flowers,  and  the  latter  is  almost  as  spicate  as  a  Lolium,  yet  we  may,  I  think, 
connect  the  evidence  here  presented  to  us  with  that  obtained  in  the  growth 
of  the  Fcstuca  loliacea  pratensis  and  elatior  presently  to  be  detailed. 

However,  I  shall  not  conclude  my  experiments  upon  this  subject  without 
sowing  some  new  plots  with  seeds  of  the  hitherto  supposed  species  gathered 
by  myself  for  the  express  purpose;  not  that  I  in  the  least  doubt  these  experi- 
ments, but  in  order,  if  possible,  to  note  the  changes  more  clearly  f. 

Fkstuca. — The  species  to  be  communicated  upon  I  shall  divide  into  two 
groups. 

a.  Fcstuca  ovina.  b.  Fcstuca  loliacea. 

„     fi  duriuscula.  „      p  pratensis. 

„     y  rubra.  »      y  elatior. 

„     I  tenuifolia. 
"•  These  were  sown  six  years  since  in  three  distinct  plots,  and  they  soon 
established  themselves  in  a  separate  tufted  method  of  growth.    The  first  two 
years  they  were  readily  distinguishable ;  now,  however,  the  following  facts 
are  observable. 

P.  ovina  is  about  eighteen  inches  high ;  F.  tenuifolia,  duriuscula  and 
rubra  differ  but  slightly  in  size,  and  scarcely  in  details,  and  the  creeping 
habit  of  root  of  the  latter  is  entirely  lostj. 

U  may  be  remarked  that  the  F.  rubra  is  not  amongst  our  wild  forms  at 
Cirencester,  but  I  have  occasionally  met  with  specimens  of  F.  duriuscala  in 

*  The  two  packets  were  sent  for  examination. 
t  Specimens  of  the  new  Poas  are  sent  for  examination. 

t  Certainly  not  so  much  as  regards  the  width  and  length  of  the  leaves,  as  the  same  form 
t*kes  on  in  boshes  when  compared  with  the  open  ground. 
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the  road  dirt  with  which  the  tops  of  our  stone  walls  are  frequently  capped, 
having  a  decidedly  creeping  habit  which,  if  shown  as  a  tendency  "  in  light 
sandy  pastures  near  the  sea"  which  is  given  by  Hooker  as  the  habitat  of  the 
F.  rubra,  may  account  for  the  difference. 

As  respects  the  varieties  F.  ovina,  lenuifolia  and  duriuscula,  it  may  be 
remarked  that  poor  uplands  present  the  first,  the  bushes  and  hedgerows 
around  these  the  second,  and  meadows  examples  of  the  latter ;  but  seldom 
are  they  greatly  intermixed,  which,  perhaps,  may  be  taken  as  an  argument 
that  these  forms  are  but  varieties  induced  by  different  circumstances.  From 
long  observation  and  experiment  I  can  only  so  consider  them  ;  and  had  I  a 
choice  of  names  for  the  typical  form,  I  should  choose  that  of  duriuscula,  as 
the  departure  seems  to  be  from  that  type,  of  which  F.  ovina  is  a  mountain 
form,  and  F.  rubra  a  seaside  or  arenaceous  one. 

b.  Festuca  loliacea  varieties. 

Six  years  since,  I  sowed  the  seeds  of  the  three  forms  as  below,  and  in  the 
following  order. 


Festuca  loliacea. 


Festuca  pratensis* 


Festuca  elatior. 


1. 


2. 


3. 


These  plots  the  first  year  of  flowering  presented  appearances  as  under:— 

1st  Festuca  loliacea. — Most  of  the  plants  of  the  true  spicate  type,  but 
sparingly  mixed  with  paniculate  flowers :  the  herbage  of  which  was  of  the 
rich  green  which  characterizes  F.  loliacea. 

2nd.  Festuca pratensis. — All  true,  but  with  a  tendency  to  a  rigidity  of 
leafage. 

3rd.  Festuca  elatior,  scarcely  distinguishable  from  (2). 

In  three  years  great  changes  had  been  wrought  as  under : — 

1st.  F.  loliacea. — No  spicate  flowers. 

2nd.  F.  pratensis. — More  rigid  and  larger,  in  fact  none  of  the  true  mea- 
dow type. 

3rd.  F.  elatior. — A  little  larger,  but  otherwise  not  distinguishable  from 

(2). 

In  the  fifth  year  the  F.  elatior  prevailed  in  all  the  beds. 

These  plots  are  destroyed,  as  in  1855  the  same  experiments  were  recom- 
menced in  another  part  of  the  garden,  the  plots,  however,  being  placed  at  a 
distance  apart;  and  the  present  year  they  were  plainly  observed  to  be  taking 
the  same  course  as  the  others. 

Here  then,  I  think  it  satisfactorily  proved  by  experiment  that  these  three 
forms  are  all  of  them  referable  to  a  single  species,  as  the  changes  indicated 
have  taken  place  in  individuals;  they,  however,  maintain  their  distinctive 
characters  under  the  following  circumstances. 

In  meadows  by  the  sides  of  rivers  subject  to  occasional  floods,  as  the  Isis 
at  Oxford,  or  irrigated  meadows,  as  on  the  banks  of  the  Churn  at  Cirencester, 
F.  loliacea  is  constant  in  its  characters,  and  is  a  most  valuable  grass  for  hay 
or  pasture. 

In  rich  meadow  flats,  as  in  the  Vale  of  Berkeley — the  celebrated  country 
of  the  "  double  Gloucester  cheese," — the  F.  pratensis  is  a  common  and  valu- 
able denizen,  and  any  meadow  where  it  maintains  its  character  may  be  consi- 
dered as  of  good  quality. 
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On  the  alluvial  sandy  clay  banks  by  the  seaside,  or  poor  siliceous  clays 
inland,  tbe  F.  elatior  rears  its  tall  coarse  form.  In  Gloucestershire  the 
banks  of  alluvial  mud  thrown  up  to  prevent  tbe  encroachments  of  the  water 
in  the  Severn  estuary  are  always  occupied  by  this  grass,  which  I  look  upon 
only  as  the  extension  of  the  pratensis  from  the  rich  flats  within  this  boundary. 
The  F.  pratensis  is  a  grass  which  is  usually  recommended  for  admixture 
in  forming  new  pastures,  on  which  account  there  can  be  but  little  doubt  that 
;„  ..  r.<;  u%ed  in  the  glades  laid  down  within  the  last  few  years  at  the  entrance 
of  Oakley  Park,  the  seat  of  the  Earl  Bathurst.  When  first  sown  it  came  up 
true  enough,  though  with  a  disposition  to  reediness ;  the  last  four  years  it  has 
become  wholly  F.  elatior  in  all  its  features,  and  is  now  in  such  large  coarse 
"  hassocks"  as  to  be  dissightly  as  a  lawn,  and  much  impairs  the  hay  or  pas- 
ture. The  secret  of  all  this  appears  to  be  that  here  it  was  sown  on  the  forest 
marble  sandy  clays,  the  texture  of  which  as  a  soil  is  similar  to  that  in  the 
favourite  habitat  of  this  form  of  grass,  and  this  too,  though  in  a  less  degree, 
no  doubt,  favoured  the  changes  as  observed  in  my  botanical  garden. 

Here  then  we  see,  in  these  forms  of  Fescue,  plants  which  assume  what 
have  been  taken  as  specific  characters,  not  only  from  change  of  circum- 
stances giving  rise  to  varieties  which  have  been  obtained  from  different 
generations  by  seeding,  but  these  have  assumed  the  form  of  varieties  from 
the  same  seed* and  plants,  and  absolutely  becoming  F.  pratensis,  and  after- 
wards F.  elatior  from  the  typical  F.  loliacea :  and  so  certain  is  this  in  my 
experimental  garden,  that  the  result  of  twice  sowing  these  three  forms  from 
seed  from  different  seedsmen  has  been  the  permanent  establishment  of  F. 
elatior  in  all  three  plots. 
Bromus  mollis  varieties. 

My  experiments  and  observations  upon  the  annual  forms  of  Brome,  though 
still  in  progress,  yet  seem  to  warrant  a  diminution  in  specific  names;  for 
example,  B.  mollis  and  B.  racemosus  of  authors  are  sure  to  be  intermixed  to 
a  greater  or  less  extent  from  the  same  seed  ;  thus  the  seed  of  the  B.  mollis 
will  have  a  sprinkling  of  the  racemosus,  whilst  seed  of  the  latter  will  present 
exceptional  examples  of  the  former ;  and,  besides,  all  distinction  is  lost  in 
every  shade  of  intermediate  form  by  which  the  hairy  and  smooth  varieties 
are  connected. 

Again,  as  regards  B.  eommutatus9  this  is  by  far  too  common  a  grass  in  pas- 
tures subject  to  floods  and  in  irrigated  meadows,  in  which  situation  the 
B.  mollis  is  quite  exceptional.  Now,  as  I  have  watched  the  laying  out 
of  poor  pastures  as  irrigated  meadows,  I  have  always  observed  that  two  or 
three  years  is  often  sufficient  to  change  the  B.  mollis  which  was  alone  before 
into  B  commutatus.  Of  course  it  may  be  considered  that  this  was  in  virtue 
of  that  law  of  substitution  of  one  species  for  another  which  so  universally 
occurs  on  a  change  of  soil  and  other  conditions ;  but  I  incline  to  the  belief 
that  much  of  this  is  after  all  due  to  a  change  of  form  and  specific  character, 
and  as  regards  the  grass  under  consideration  our  chain  of  evidence  is  nearly 
complete  when  it  is  stated  that  the  B.  commutatus  from  the  irrigated  mea- 
dows, most  certainly  in  experiments  in  my  garden,  has  resulted  in  fine  exani- 
pies  of  B.secalinus,  a  form  not  before  known  there,  and  therefore  not  liable 
to  have  led  me  into  error,  as  would  be  the  case  where  the  different  varieties 
we  wild  natives  near  the  spot 

I  have  not  been  able  to  experiment  upon  the  whole  of  the  forms  of  what 
J  would  term  the  B.  mollis  group,  but  I  suspect  that  the  B.  arvensis  which  I 
this  year  found  so  abundantly  on  the  Chalk  about  Avebury,  in  Wiltshire,  is 
oat  a  form  of  the  same ;  and  though  in  all  probability  a  foreign  one  intro- 
duced with  "seeds,"  yet  its  individuality  may  have  been  implanted  by 
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growth  in  a  foreign  soil,  as  I  observed  when  in  America  most  of  the  natural- 
ized British  plants  had,  to  say  the  least,  a  different  expression  from  the  same 
grown  at  home. 

2.  Cereal  Grasses — Corn  Crops. — The  experiments  in  this  list  to 
which  I  would  direct  attention  are  as  under : — 

Plots. 

a.  Peruvian  Barley  succeeding  Swede  Turnips — manured 

with  different  manures 6 

b.  Sowing  of  wheat  at  different  depths 2 

c.  Transmutation  of  oats 5 

d*  Experiments  with  Mgilop* 3 

a.  The  Peruvian  Barley  was  sown  on  account  of  the  interest  of  this  variety, 
and  also  to  occupy  six  large  plots  which  were  last  year  planted  with  Swede 
Turnips:  five  plots  with  different  manures,  and  one  without  manure  for 
comparison.  The  whole  of  the  Turnip  experiments,  when  complete,  will 
form  a  substantive  report,  I  hope,  next  year.  It  may  be  enough  here  to 
state  that  the  result  in  the  Turnips  was  widely  different,  but  I  could  trace 
no  difference  in  the  Barley. 

b.  For  two  autumns  past  I  have  sown  wheat  at  different  depths,  from  one 
to  seven  inches.  My  crop  of  1856  came  up  tolerably  regular,  and  that  from 
two  to  four  inches  in  depth  was  certainly  the  best,  the  deeper  sown  being 
thin,  and  tillering  but  indifferently :  this  year,  however,  the  deeper  sown  is 
very  thin,  and  consequently  with  fine  large  ears,  whilst  that  at  less  depth 
rs  still  more  irregular  and  weaker,  probably  arising  from  injury  caused  b) 
wire  worms.  These  experiments  will  be  again  repeated,  and  they  are  now 
only  noted,  not  to  show  any  conclusions  that  have  been  arrived  at,  bat  to 
point  out  how  unsafe  it  is  in  agricultural  experiments  to  generalise  from  a 
single  set  of  experiments,  as  these  are  so  liable  to  be  interfered  with  by  in- 
sects, climate,  and  a  variety  of  causes. 

c.  When  last  year  I  had  the  pleasure  of  laying  my  notes  upon  these 
experimental  plots  before  the  Section  of  the  British  Association,  the  early 
period  at  which  we  met  and  the  general  lateness  of  the  season  prevented  ray 
being  enabled  to  report  upon  some  experiments  in  oat  transmutation  which 
the  ripening  of  my  crops  subsequently  showed  to  be  of  great  interest ;  and 
as  the  interest  consists  in  the  fact  that  the  Avenafatua  has  been  made  to 
assume  the  forms  of  different  varieties  of  cereal  or  cultivated  oats,  I  shall  now 
detail  the  steps  taken  in  bringing  about  this  change*. 

Jt  is  now  six  years  since  on  a  neighbouring  farm,  in  a  patch  of  seeding  man- 
gold wurtzels  grown  on  forest  marble,  I  observed  an  abundance  of  Awn* 
fatua;  and  as  this  wild  grass  is  a  great  pest,  especially  in  clay  districts,  such  as 
those  on  the  Lias  of  the  Vale  of  Gloucester  and  the  Oxford  Clay  in  Wilts,  bat 
comparatively  rare  on  the  Oolite  brashes,  I  took  a  class  of  students  to  exa- 
mine it  and  gather  specimens  for  the  Herbarium,  at  the  same  time  giving 
them  a  field  lecture  upon  this  pest,  in  which  I  adverted  to  a  tradition  among 
the  farmers  of  the  Vale  of  Gloucester,  that  "  they  were  prevented  from  grow- 
ing oats  because  they  degenerated  into  wild  oats;"  and  it  was  with  a  view 
of  determining  if  possible  from  experiment  whether  this  notion  was  correct, 
that  I  afterwards  gathered  some  of  the  ripe  seed  of  the  wild  oat,  which  in  the 
following  spring  I  sowed  in  one  of  my  plots.  It  came  up  very  well,  and  the 
process  was  repeated  the  following  season  in  another  part  of  the  garden,  and 
in  the  autumn  of  1855  I  thought  I  remarked  the  following  changes  :— 

1.  A  lighter- coloured  fruit. 

*  Specimens  of  these  changes  accompanied  the  Report, 
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2.  A  less  degree  of  hairiness  when  compared  with  the  fruits  of  the  true 
A.fatua. 

3.  A  greenish  coloured,  straight  and  slight  awn,  instead  of  the  black,  bent 
at  right  angles,  and  twisted  at  the  lower  part  of  the  very  rigid  awn  of  the 
wild  plant 

4.  The  fruits  were  more  frequently  two  than  three  perfect  ones  to  each 
glume. 

5.  The  fruits  were  much  more  plump,  arising  from  a  greater  development 
of  grain  than  in  ALfatua. 

6.  The  ripe  fruits  separated  from  the  floral  envelope  less  readily  than  in 
A.fatua. 

In  following  out  the  experiments  in  the  spring  of  1856,  the  best  specimens 
having  been  selected  for  seed  were  again  sown ;  and  in  the  month  of  September 
following,  when  this  crop  was  gathered,  the  results  were  as  under. 

1st  Avenafatua,  tolerably  true,  though  perhaps  not  so  coarse  and  strong 
as  is  usual  ou  heavy  days. 

2nd.  Avenafatua,  var.  sativa,  with  a  diffuse,  spicate,  pyramidal  panicle, 
allied  to  the  form  called  "  Potatoe  Oat,"  by  farmers. 

3rd.  Avenafatua,  var.  sativa,  with  a  compact  panicle  of  flowers  tending 
to  one  side,  allied  to  the  agricultural  form  known  as  "  Tartarian  Oats." 

The  two  latter  presented  various  shades  of  advance ;  a  few  of  the  more 
changed  were  awnless,  but  most  of  them  possessed  awns  which  were  very 
coarse  and  rigid  for  what  we  may  term  "  tame  oats ;"  and  the  grain  was  by 
no  means  so  plump  as  (when  compared  with  its  thick  envelope)  to  entitle  it 
to  be  called  a  good  oat  However,  it  was  sufficiently  striking,  and,  on  the 
whole,  much  more  sudden  in  its  advance  than  I  had  calculated  upon.  But 
to  proceed. 

In  the  present  year,  1857,  I  planted  the  sorts,  carefully  separated,  in 
separate  patches  of  larger  size,  with  the  following  result  as  to  the  crops. 

a.  The  plot  of  Avenafatua  is  again  miied  with  many  examples  of  the 
Potatoe  form  of  oat,  but  none  of  the  Tartarian  type- 

b.  The  Potatoe  oats  have  a  plumper  seed  and  are  much  lessawned  ;  some 
examples  are  however  still  rigidly  awned. 

c  The  Tartarian  form  is  much  larger  than  is  usually  grown  in  the  best 
cultivation,  its  grain  very  fine,  some  awned,  but  mostly  awnless. 

Thus  far  then  have  these  curious  experiments  proceeded.  Next  year  they 
will  be  transferred  to  the  field,  in  the  hope  of  perpetuating  these  new 
varieties,  as  they  promise  to  be  much  more  vigorous  than  the  older  ones ; 
and  this  indeed  is  one  of  the  advantages  in  agriculture  of  new  sort9,  as,  for  a 
time  at  least,  they  usually  succeed  better  than  the  older  ones.  But  this  is  a 
latter  I  must  not  stop  now  to  discuss. 

It  should  be  remarked  that  the  shed  seeds  of  the  plot  of  1856  were  care- 
fully dag  in,  in  the  hope  that,  by  being  allowed  to  deposit  their  seeds  as  in 
nature,  the  whole  may  again  degenerate  into  wild  oats ;  but  only  one  speci- 
men, and  that  of  A.fatua,  came  up,  for,  having  been  so  long  submitted  to 
cnltivative  processes  (and  the  gathering  and  storing  of  seed  previously  to 
towing  is  a  very  important  one),  they  have  little  disposition  to  come  up 
wildly  afterwards,  a  fact  which  is  more  observable  in  some  situations  than  in 
others ;  and  acting  upon  this  hint,  I  am  not  quite  sure  whether  the  best  way 
lo  get  rid  of  some  weeds  would  not  be  to  carefully  cultivate  them. 

t  These  experiments  are  of  interest  as  showing  what  may  be  done  in  this 
direction  towards  elucidating  some  curious  facts  in  vegetable  physiology. 
They  are  no  less  so  to  the  agriculturalist,  as  the  remark  of  the  old  farmer, 
which  was  never  a  favourite  one  with  the  botanist,  is  now  known  to  be  true; 
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for  if  we  can  by  experiment  advance  the  wild  oat  to  tbe  cultivated  state,  so 
the  cultivated  by  degenerating  may  relapse  into  the  wild  state.  That  the 
latter  position  is  true,  I  had  long  known  from  an  examination  of  the  produce 
of  shed  oats  around  ricks  and  in  fields,  as  some  of  these  in  a  single  year  will 
be  seen  to  possess  a  few  hairs  at  the  base  of  the  fruit*,  the  awn  will  get  longer 
and  more  rigid  with  a  darker  colour,  and  the  seed  much  smaller.  It  would, 
however,  take  too  long  to  pursue  an  inquiry  into  the  agricultural  speculations 
which  these  experiments  might  illustrate,  and  this  perhaps  may  be  better 
done  when  our  crops  are  still  further  advanced ;  and  1  need  therefore  only  to 
advert  to  such  subjects  as  those  involved  in  tbe  growth  of  new  sorts,  the 
reasons  for  their  value,  and  the  facts  counected  with  their  maintenance,  to 
prove  this  position. 

d.  JEgUops. — My  three  plots  of  this  grass  may  be  described  as  follows: — 

1st.  A  permanent  plot  that  is  allowed  to  seed  itself  and  grow  sporadically, 
which  it  does  with  great  freedom. 

2nd.  A  plot  of  carefully  picked  seeds  sown  in  autumn. 

3rd.  The  same  seeds  sown  ih  spring. 

In  reporting  upon  JEgilops  last  year,  I  remarked  upon  the  difficulty  of 
ripening  the  seeds.  However,  this  is  obviated,  as  the  present  condition  of 
Plot  1  shows  it  to  have  become  perfectly  acclimatized.  I  had  last  year  some 
reason  to  think  I  had  made  an  advance  towards  proving  the  truth  of  M. 
Fabre's  statement  as  to  this  being  the  parent  of  the  cultivated  wheat;  bat 
this  year  my  examples  have,  if  anything,  retrograded.  I  shall  therefore  repeat 
the  experiments  in  my  own  private  garden,  which  is  a  distance  from  the 
College,  and  on  a  perfectly  different  soil.  If  M.  Fabre's  views  be  correct,  I 
should  have  little  hope  of  success  where  the  plant  grows  so  well  and  tbe  cir- 
cumstances seem  so  suitable  for  its  maintenance  in  a  wild  condition,  cul- 
tivation indeed  consisting  in  the  growing  of  plants  in  soils  and  situations 
unsuitable  for  them  in  their  wild  nature. 

3.  Papilionaceous  Plants.— As  regards  this  family,  my  experiments 
tend  to  show  that  many  species  may  be  made  available  for  agricultural  feed- 
ing purposes  more  than  are  at  present  employed;  these  however  need  not  now 
be  commented  upon.  I  shall  therefore  confine  myself  to  an  account  of  ex* 
periments  and  observations  on  the  following : — 

Vtcia  angustifolia.  Narrow-leaved  vetch. 

Trifolium  praiense.  Broad-leaved  clover. 

,,       medium.  Ziczac  clover. 

Melilotus  officinalis.  Common  melilot 

„         Taurica.  Cabool  clover. 

In  1852  I  collected  seeds  of  Vicia  angustifolia  from  the  neighbourhood  of 
Cirencester,  which  I  sowed  in  a  plot.  In  the  spring  of  1853,  it  came  up  well; 
but  on  flowering,  only  a  few  plants  could  be  said  to  present  the  characters  of 
the  species  as  laid  down  in  books,  or  indeed  as  afforded  by  the  parents  of 
these  very  specimens.  The  chief  differences  were  much  larger  foliage,  a 
greater  length  of  stem,  a  tendency  to  two  flowers  in  the  axils  of  the  leaf 
instead  of  a  solitary  one,  and  a  great  increase  of  size  in  the  seeds.  Now  these 
distinctions  did  not  exist  in  more  than  20  per  cent,  of  the  plants ;  and  as 
regards  the  difference  in  the  seed,  it  may  be  remarked  that  it  is  rare  to  get  a 
.  sample  of  seed  of  the  cultivated  vetch  but  will  be  very  variable. 

In  1854, 1  planted  the  seeds  that  were  largest  and  most  changed  from 

*  I  this  year  gathered  a  specimen  from  an  old  oat  field  on  the  Royal  Agricultural  College 
Farm  with  four  white  hairs  at  the  base,  and  the  seeds  had  a  tendency  to  separate  with  the 
oblique  scar,  the  grain  still  being  plump. 
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the  original,  the  resulting  crop  being  in  all  particulars  the  Ficia  saliva  of 
authors. 

In  the  autumn  of  the  same  year  was  planted  a  plot  of  the  like  selected  seed 
and  with  the  same  result*  affording  stems  as  much  as  2£  feet  in  length,  with 
leaflets  half  an  inch  broad,  its  original  size  being  about  6  inches  long,  with 
leaflets  a  little  more  than  the  eighth  of  an  inch  broad. 

From  1855,  I  have  kept  up  a  plot  of  each  set,  thus  developing  a  winter 
and  spring  variety  of  V.  sativa  from  V.  angustifolia,  whilst  at  the  same  time  * 
I  have  a  plot  in  which  the  crop  is  permanently  maintained  by  self-sown  seeds; 
these,  though  larger  than  in  wild  nature,  still  preserve  the  rounded  pods 
and  small  seeds  with  but  little  variation.  The  spring-  and  autumn-sown 
varieties  are  about  as  distinctive  in  appearance  as  are  the  agricultural  forms 
of  these. 

TrifoUum  pratense. — This  form  in  cultivation  undergoes  great  changes, 
particularly  in  size  and  colour ;  it  becomes  many  times  larger,  and  its  heads 
of  flowers  increase  in  size  but  are  less  bright  in  colour.  This  plant  is  found 
wild  in  all  rich  meadows  and  pastures ;  its  place  however  in  poor  sandy  soils 
where  lime  is  absent  is  supplied  by  the  TrifoUum  medium;  on  which  account 
the  latter  plant  was  some  few  years  since  introduced  into  agriculture,  to 
ensure  a  crop  where  the  T.  pratense  usually  failed.  The  seedsmen  used  to 
supply  it  under  the  name  of  TrifoUum  medium,  its  proper  botanical  designa- 
tion; but  it  is  a  curious  circumstance  that  all  the  samples  of  this  seed  now  in 
the  market  are  only  those  of  a  variety  of  T.  pratense,  and  hence  at  present 
the  best-informed  seedsmen  no  longer  send  it  out  under  the  original  desig- 
nation of  71  medium,  the  "  cow  grass"  of m the  farmer,  but  with  the  name  of 
TrifoUum  pratense  perenne,  the  fact  being  now  well  established  that  we  have 
two  varieties  of  broad  clover  in  cultivation,  whilst  the  true  T.  medium  *  has 
been  lost  to  agriculture  until  it  be  again  introduced  from  wild  plants ;  and 
the  whole  evidence  with  regard  to  this  subject  tends  to  show  that  it  has  not 
been  lost  from  neglect,  as  it  has  been  in  constant  cultivation ;  but  it  has 
gradually  merged  into  the  T.  pratense;  and  at  this  present  moment  the  so- 
called  "  broad  clover"  on  the  one  hand  and  cow  grass  on  the  other  are 
scarcely  distinguishable,  and  seedsmen  are  constantly  threatened  with  actions 
for  supplying  the  wrong  seed.  This  therefore  remains  as  a  matter  for  ex- 
periment, not  only  on  account  of  the  practical  advantage  of  reviving  the  lost 
form  to  the  farmer,  but  in  order  to  settle  the  botanical  question,  as  hitherto 
the  botanist  has  never  had  a  doubt  of  the  distinctness,  as  species,  of  the  T. 
proteose  and  T.  medium  f. 

Metilotus. — Of  these  the  M.  officinalis  and  M.  Taurica  are  kept  up  from 
self-sown  seeds,  as  well  as  a  plot  of  each  drilled  in  rows  the  latter ;  I  received 
some  years  since  under  the  name  of  "  Cabool  clover,"  and  I  have  since 
obtained  the  same  from  the  seedsman  with  the  designation  of  "  Buchara 
clover:"  they  are  probably  only  exotic  forms  of  M.  leucantka  of  the  British 
flora. 

The  Melilots  among  the  Papitionacea  and  the  Anthoxanthum  odoratum 
.  in  the  list  of  British  grasses  are  alike  remarkable  for  containing  a  peculiar 
aromatic  principle,  to  which  as  it  occurs  in  the  latter  the  sweet  smell  of 

*  It  may  be  well  here  to  note  that  during  the  past  week  I  have  received  some  "  cow- 
8Tttsn  from  Cheshire,  which  has  more  of  the  details  of  the  true  T.  medium  than  any  I  have 
yet  seen :  this  case  proves  my  position,  because  a  great  part  of  Cheshire  has  a  subsoil  of 
marine  sand,  the  bottom  of  the  old  strait  which  separated  England  from  Wales,  and  on  this 
it  continues ;  and  hence  I  view  it  only  as  an  arenaceous  form  of  T.  protease.  But  this  fact 
points  out  the  propriety  of  getting  cow-grass  seed  from  the  Cheshire  sands. 

t  Seeds  of  T.  medium  from  different  localities  would  be  highly  valued  by  me.    No  seeds- 
man can  now  supply  the  true  form. 
1867.  p 
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meadow  hay  is  doe,  anil  is  probably  the  cause  of  the  superior  quality  of  pas- 
ture hay  when  compared  with  that  of  the  irrigated  meadow,  where  this  grass 
is  seldom  present,  as  also  with  hay  of  artificial  grasses  technically  called  seeds. 

If  flavour  and,  with  this,  superior  quality,  be  imparted  to  hay  by  the  pre- 
sence of  an  aromatic  species,  would  it  not  be  well  to  mix  a  portion  of  melilot 
with  clover  and  seeds  ?  Cattle  are  exceedingly  fond  of  it,  and  it  is  a  plant 
which  will  grow  readily  and  yield  a  large  return  in  produce.  To  this  end  I 
have  cultivated  the  common  melilot,  and  should  prefer  it  to  the  M.  Teamed, 
on  account  of  its  less  woody  structure  when  mature. 

These  plants  may  be  considered  as  biennial ;  however,  by  frequent  cutting 
they  may  be  made  to  last  many  years ;  and  the  following  experiments  in 
reference  to  this  subject  may  be  interesting,  as  showing  the  evil  to  the  fanner 
of  letting  clovers  (for  it  is  the  same  with  the  Trifolia)  remain  too  long  before 
cutting. 

A  plot  of  Af.  Taurica  of  two  years  last  summer  had  one-half  of  its  row* 
kept  cut  down  and  not  allowed  to  seed,  the  other  half  was  seeded ;  and  on 
the  4th  of  September,  1856, 1  made  the  following  note : — 

"  Cabool  Clover. — The  cut-down  rows  about  18  inches  high,  fresh  and 
green,  and  fit  for  cattle  food  ;  the  rest  in  seed." 

On  the  1st  of  May,  1857, 1  made  the  following  note : — 

~"  Cabool  Clover. — The  cut  portion  a  tine  succulent  plant,  8  inches  high ; 
the  seeded  part  very  thin,  3  inches  high.'* 

This  year  each  of  my  clover  plots  will  perform  double  experiments,  as  in 
them  I  am  carrying  on  the  same  observations. 

4.  Green  Feeding  Crops. — In  this  list  I  would  only  advert  to  the 
Symphytum,  and  Sanguisorba  officinalis. 

The  Symphytum  asperrimum  was  introduced  to  this  country  as  an  orna- 
mental plant  from  the  Caucasus,  by  the  Messrs.  Loddige,  as  long  ago  as  181 1, 
since  when  it  has  been  recommended  as  a  profitable  green  feeding  or  soiling 
crop  for  cattle,  for  which  it  seems  adapted  from  its  luxuriant  growth  and 
good  feeding  properties.  It  is  a  handsome  plant,  growing  as  much  as  4  feet 
high,  with  an  abundance  of  bright-blue  bell-shaped  flowers. 

While  experimenting  on  the  growth  of  this  plant,  it  struck  me  that  tbe 
Symphytum  officinale  of  our  ditches  would  be  equally  valuable  if  it  could  be 
made  to  grow  away  from  its  natural  habitat  With  the  view  of  testing  this,  I 
introduced  an  example  of  the  white  form  of  S.  officinale  from  the  Hirer 
Churn  in  Cirencester,  into  my  garden,  which  year  by  year  has  so  nearir 
approached  the  asperrimum  in  its  details,  as  to  induce  me  to  communicate 
the  experiment  to  the  British  Association  at  a  former  meeting ;  and  it  was 
again  commented  upon  in  my  notes  of  last  year  before  this  Section,  when  it 
was  elicited  from  the  Rev.  J.  L.  Jenyns  that  "  the  S.  asperrimum  and  & 
officinale  were  growing  together  near  Bath,  and  that  it  was  now  impossible 
to  distinguish  the  one  from  the  other."  Here  then  I  think  I  am  justified 
in  now  saying  that  there  can  be  no  doubt  of  the  specific  identity  of  these  two 
forms  of  plant 

Sanguisorba  officinalis,  on  account  of  its  astringent  properties,  may  per- 
haps be  considered  as  a  useful  plant  for  admixture  with  sainfoin  and  clovers, 
and  to  this  end  I  have  for  years  been  anxious  to  try  it  as  one  of  my  experi- 
ments; but  it  is  a  curious  fact  as  showing  the  position  of  the  seed  trade,  that 
with  as  many  as  a  dozen  trials  to  procure  it  from  as  many  seedsmen,  and 
always  under  its  botanical  designation,  I  have  never  been  able  to  obtain  it, 
and  all  my  plots  have  turned  out  Poterium  sanguisorba,  a  plant  of  a  diflereot 
character,  and  which  can  only  be  considered  as  a  weed  :  indeed  the  buyer  of 
foreign  sainfoin  seed  should  be  careful  as  to  this  plant,  as  in  some  samples 
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a  large  per  eentage  of  Poterium  will  be  present  Three  plots  are  now  occupied 
with  Poterium,  the  seed  in  all  cases  being  labeled  Sanguisorba  officinalis,  a 
circumstance  showing  either  a  great  want  of  knowledge  or  a  wilful  substitu- 
tion of  the  one  for  the  other  on  account  of  a  similarity  of  aspect  and  English 
name. 

5.  Esculent  Vegetables. — A  constant  change  in  vegetable  diet  has 
always  appeared  to  me  to  be  a  matter  of  such  great  importance,  that  I  seldom 
miss  an  opportunity  of  making  myself  acquainted  with  the  growth  and  ca- 
pabilities of  any  new  kind  that  may  be  introduced,  as  well  as  such  as  have 
nearly  passed  away  on  account  of  the  favouritism  shown  from  time  to  time 
towards  new  introductions ;  and  as  examples  of  what  I  am  doing  in  that  way 
I  would  notice  the  following : — 

Potato  Yam  (Dioscorea  Batatas)    . )  A  .  .     .     .. 

A  wild  Potato :      I  Among  new  introductions 

The  Yellow  Lima  Potato  .    .    .     J  to  this  country. 

ScKonera  '.    '.    '.    !     .'    !    !    .'  i Amon*  Jjhe   *'**   ex" 
Cardoons J         ploded  vegetables. 

The  potato  yam  is  so  much  like  our  Tamus  communis,  as  almost  to  lead 
to  the  inference  of  specific  identity,  judging  from  the  vine  and  foliage,  for  I 
have  not  yet  seen  it  in  flower,  much  less  in  fruit.  Its  yearly  increase  of 
tubers  seems  to  me  too  small  to  warrant  its  displacing  the  potato,  for  which 
it  was  recommended  in  the  height  of  the  disease  of  the  latter  plant.  My  plot 
in  the  Botanical  Garden  is  not  nearly  so  luxuriant  as  some  specimens  in  my 
private  garden,  the  latter  being  so  much  warmer  and  the  soil  considerably 
better.  Here  my  plants  of  this  year  are  climbing  up  sticks  and  are  as  much 
as  2  yards  high ;  what  the  tuber  will  be  remains  to  be  seen ;  however,  from 
my  present  experience  I  can  only  recommend  it  as  an  addition  to  the  list  of 
our  culinary  vegetables. 

Last  winter  I  was  gratified  at  receiving  a  box  of  potato  tubers  which  had 
been  sent  me  by  my  friend  Jenkin  H.  Thomas,  Lieut.  R.N.,  consisting  of 
tubers  of  a  "  wild  potato,"  and  also  some  of  a  "  Lima  potato."  The  former 
appears  to  be  a  Solatium ;  but  if  of  the  species  tuberosum,  it  is  very  different  in 
all  particulars  from  our  cultivated  form,  the  tubers  of  the  latter  are  more  like 
small  kidney  potatoes.  But  from  the  leaves  and  the  slight  indication  of  flower, 
I  do  not  think  it  can  be  a  Solan um  at  all ;  but  1  am  informed  that  they  are 
usually  sold  in  Lima,  so  that  I  must  make  further  inquiries  into  their  previous 
history.  I  would  now  remark  that  a  plot  of  them  in  my  experimental  garden 
has  got  on  very  badly,  not  more  than  five  per  cent,  of  the  tubers  growing,  and 
that  in  a  feeble  state ;  however,  three  tubers  planted  in  my  private  garden, 
though  they  were  a  long  time  coming  up,  are  now  very  large  plants,  and  in 
full  vigour  of  growth. 

As  regards  the  wild  potato,  Lieut  Thomas  writes  as  follows  : — "  I  pro- 
cured them  from  the  top  of  a  small  island  called  San  Lorenzo,  opposite  the 
anchorage  of  Callao  and  town  of  Lima,  in  Peru,  and  I  have  not  the  slightest 
doubt  in  my  own  mind  but  that  they  are  the  original  potatoe,  as  the  island 
is  uninhabited,  and  fertile  only  at  the  top  (an  elevation  of  about  900  feet), 
where  these  potatoes  grew :  there  is  generally  a  mist  over  the  top,  and  I  think 
the  temperature  from  68°  to  70°.  The  blossom  is  the  same  as  our  domestic 
one,  but  the  leaf  is  prickly  and  rough  ;  I  cooked  several  of  them  when  I  was 
in  Peru,  but  found  them  bitter  and  strong,  but  expect  that  cultivation  and 
a  couple  of  years'  trial  will  totally  eradicate  that." — In  a  letter  to  the  author 
of  this  report,  Aug.  17,  1857. 
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The  experiments  with  these  in  my  garden  at  the  College  have  been  a  com- 
parative failure — however,  about  a  tenth  of  them  have  come  up, — whilst  in 
my  private  garden  the  six  tubers  which  I  planted  all  came  up  well, and  flowered 
and  fruited  too  freely  to  expect  much  advance  in  the  tubers ;  they  came  up 
quickly,  and  were  in  flower  before  the  "  Lima  potatoes"  (planted  at  the  same 
time)  showed  above  ground.  They  are  now  before  me,  and  present  the 
following  appearance : — the  original  tuber  has  much  enlarged,  and  small  and 
imperfect  young  tubers  stud  the  sides  of  the  old  one ;  they  are  very  rough 
externally,  and  of  a  decidedly  bitter  taste.  I  have  preserved  the  roots,  and 
also  a  quantity  of  seeds,  in  order  to  carry  on  further  experiments,  as  I  see  do 
reason  why,  in  a  short  time,  I  should  not  procure  a  new  variety  of  cultivated 
potato  from  this  stock ;  but  if  these  should  afterwards  present  pinnate  and 
bi  pinnate  leaves,  it  will  be  interesting  to  mark  the  progress  of  change  from 
the  curious  lobate  leaf  it  now  possesses. 

The  arriving  at  fresh  potatoes  from  this  source  may  do  much  to  settle 
some  questions  regarding  potato  disease.  It  has  been  recommended  to  grow 
new  varieties  of  this  tuber  from  the  apple  or  seeds,  in  order  to  procure  a 
sound  stock  ;  but  this  in  practice  has  failed,  as  seedling  potatoes  have  been 
found  to  be  as  prone  to  disease  as  others.  It  is,  however,  possible  that  the 
may  arise  from  the  fact  that  the  apples  after  all  contain  the  seeds  of  an 
unsound  race ;  and  I  shall  therefore  look  with  great  interest  to  the  result  of 
the  next  few  years  in  the  growth  and  advance  of  this  wild  potato,  and  I 
hope  I  shall  have  two  races  going,  one  derived  from  the  tubers,  and  another 
from  the  seeds. 

Salsafy  and  Schorzonera  are  two  capital  roots,  easy  of  cultivation,  and 
which  readily  store  during  the  winter.  They  are  not,  perhaps,  so  produc- 
tive as  carrots  and  parsnips ;  but  they  offer  a  good  variation  to  these,  both  as 
a  change  of  crop  and  also  as  food :  formerly  they  were  highly  esteemed,  bat, 
like  several  other  vegetables,  they  are  now  only  found  in  the  gardens  of  the 
curious. 

Cardoons, — This  is  a  vegetable  very  little  grown  in  England,  and  yet  it  is 
of  excellent  quality,  and  not  difficult  of  cultivation.  Professor  Lindley,  in  his 
' Guide  to  the  Orchard  and  Kitchen  Garden,'  p. 535,  says,  "The  Cardoon 
(Cynara  Cardunculus,)  is  greatly  admired  by  many,  and  ought  to  have  a  place 
in  every  gentleman's  garden ;  and  yet  it  is  curious  how  few  of  even  gardeners 
have  ever  seen  it."  It  progresses  well  on  my  plots,  and  I  hope  to  experiment 
largely  upon  it  in  another  season. 

It  may  be  well  in  this  place  to  refer  to  some  experiments  which  I  have 
now  been  carrying  on  for  nearly  ten  years  in  the  ennobling  of  the  wild  parsnip. 
Of  course  it  was  known  that  our  garden  esculent  was  derived  from  the  Pas- 
Hnaca  sativa  of  our  fields ;  but  the  progress  of  the  experiments  has  been 
marked  by  some  interesting  facts  relating  to  malformations  of  roots  known 
as  finger-and-toe,  and  which  will  be  found  detailed  in  the  '  Journal  of  the 
Royal  Agricultural  Society ;'  and  at  the  same  time  it  was  a  matter  of  no  small 
interest  to  myself  and  pupils  to  note  the  great  changes  that  took  place  as  the 
experiments  proceeded.  The  result  has  been  the  production  of  a  good-sized 
parsnip  of  a  regular  shape,  but  containing  more  flavour  than  is  perhaps  de- 
sirable* ;  but,  inasmuch  as  some  people  complain  of  the  want  of  flavour  in  the 
ordinary  cultivated  parsnip,  time  may  tone  down  my  specimens  to  the  re- 
quisite degree.  I  would  remark  that  I  sadly  want  a  change  of  soil  for  con- 
tinuing the  experiments,  and  I  have  this  year  grown  a  quantity  of  seed ;  I 


•  During  the  time  that  my  experiments  have  been  in  progress,  I  have  bee*  wahlrd  to 
watch  the  downward  progress  of  parsnips  left  from  an  abandoned  garden ;  and  though  these 
have  not  even  yet  lost  all  traces  of  their  civilization,  they  are  essentially  wild  parsnips. 
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shall  be  happy  to  forward  some  to  any  members  of  the  Association  on  appli- 
cation, only  asking  for  the  sake  of  information,  any  notes  that  may  be  made 
on  its  progress. 

It  is  not  a  little  curious  that  experiments  of  a  like  kind  with  the  carrot  have 
resulted  in  a  failure.  Upon  reporting  upon  this  last  year,  it  was  stated  by 
Mr.  Bentham,  that  Villemain  had  succeeded  in  advancing  the  carrot  and 
some  others,  but  had  failed  in  all  his  experiments  with  the  parsnip.  This  is 
carious,  as  showing  that  we  cannot  always  command  success  in  experiments 
of  this  nature — some  circumstance  or  other  may  be  wanting,  and  therefore  we 
must  not  pronounce  a  thing  impossible  that  we  have  tried  ourselves  without 
success ;  and  at  the  same  time  it  shows  us  that  there  are  certain  laws  which 
operate  to  produce  the  changes  we  have  noted,  so  that  from  a  repetition  of 
experiments  of  this  kind  we  may  hope  to  become  acquainted  with  some  new 
facts  connected  with  vegetable  growth. 

An  observation  of  some  practical  importance  may  be  here  noted.  As  a  rule 
it  may  be  laid  down  that  neither  parsnips  nor  carrots  yield  good  roots  in  field 
cultivation  in  a  district  where  these  plants  abound  as  wild  natives,  as  they 
usually  grow  small  and  very  much  forked,  digitated,  "  finger- and- toed  ;*  and 
therefore,  if  grown  as  an  agricultural  crop  under  such  circumstances,  a  much 
more  careful  preparation  of  the  soil,  even  than  that  usually  employed,  will 
be  necessary  to  ensure  success;  and  thus  it  is  that  success  is  much  more 
general  with  these  roots  in  garden  than  in  field  culture. 

But,  besides,  this  own-grown  seed  tends  much  to  degeneracy,  especially  in 
the  field  crop;  and  in  the  choice  of  seed  we  should  always,  if  possible,  choose 
that  from  a  poorer  soil  and  backward  climate  rather  than  in  poor  root  soils 
to  introduce  a  seed  that  had  been  grown  in  a  district  so  much  richer.  These, 
indeed,  may  almost  be  considered  as  general  laws. 

6.  Economic  and  Medicinal  Plants. — The  success  which  has  attended 
my  growing  of  many  useful  plants  of  this  list  in  rough  bits  of  ground,  and 
otherwise  waste  corners  of  my  garden,  as  well  as  in  poor  unmanured  plots,  is 
a  matter  of  great  interest,  inasmuch  as  it  shows  that  every  bit  of  what  is  too 
frequently  waste  ground  may  be  turned  to  account,  and  made  to  yield  at 
least  sufficient  to  pay  the  expenses,  if  not  an  overplus  of  profit ;  one  item, 
however,  the  mere  one  of  not  losing,  is  gain,  as  cropping  tends  to  get  the  land 
in  workable  condition. 

In  the  economic  class,  such  plants  as  flax,  hemp,  teasels,  chicory  and 
sunflower  are  all  worthy  of  attention  as  being  capable  of  yielding  a  good 
return,  and  often  in  most  unpromising  positions.  I  shall  now,  however,  in 
this  department  only  dwell  upon  some  experiments  in  the  growth  of  Linum 
perenne  (perennial  flax). 

In  1854  I  sowed  one  of  my  plots  with  seed  of  the  L.  cmgustifolium 
gathered  at  Hele  in  Cornwall.  It  came  up  very  well,  and  in  1855  might 
have  been  seen  its  plants  in  rows  with  branches  a  few  inches  long  trailing 
along  the  ground,  some  with  light,  others  with  dark- blue  coloured  flowers 
somewhat  small  when  compared  with  the  L.  usitatissimum  or  L.  perenne; 
in  this  state  it  presented  little  to  recommend  it  as  a  cultivated  plant  In  the 
past  year  it  had  advanced  to  a  strong  and  vigorous  upright  plant  somewhat 
more  than  two  feet  in  height,  with  handsome  dark-blue  flowers,  indeed 
rivalling  the  L.  usitatissimum  in  size  and  beauty.  As  regards  its  fibre  I 
have  as  yet  had  no  opportunity  to  make  experiments ;  but  if  in  this  respect 
it  should  equal  the  annual  flax,  I  cannot  help  thinking  that  we  shall  have 
in  the  Linum  perenne  a  plant  of  great  economic  value. 

As  rrgards  the  specific  distinction  of  the  L.afigustifolium  and  L.  perenne, 
1  must  after  these  experiments  express  great  doubts ;  nay,  1  am  almost  inclined 
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to  think  that  L.  usitatissimum  is  but  an  annual  fonn  of  L.  pertnne,  to  that 
this  year  I  shall  collect  the  seeds  of  my  perennial  patch  with  a  view  of  com- 
mencing an  annual  cultivation.  At  all  events,  should  I  fail  in  proving  this 
point,  we  may  fairly  expect  other  changes  of  great  interest,  seeing  that  so 
much  has  already  been  done  in  bringing  a  little  straggling  linseed  from  its 
wild  habitat,  and  cultivating  in  a  different  soil  and  climate,  not  by  imitating 
its  wild  conditions,  but  by  making  for  it  a  new  soil,  and  planting  in  rows  so 
that  one  row  has  the  effect  of  inducing  the  upright  growth  to  its  neighbour, 
— a  fact  readily  seen  in  examining  the  growth  of  my  plant  as  its  shoots  first 
start  in  a  trailing  method — a  circumstance  which  shows  that  in  order  to  test 
the  capabilities  of  some  plants  for  a  crop,  we  can  only  do  so  not  by  growing 
single  specimen  examples,  but  by  planting  a  quantity  side  by  aide. 

As  subjects  for  experiment,  it  fortunately  happens  that  the  linseeds  are 
readily  affected  by  cultivative  processes,  so  that  we  possess  in  them  subject* 
capable  of  affording  much  information  as  the  result  of  carefully  conducted 
experiments,  which  leads  me  to  remark  that,  as  there  are  some  tribes  of 
plants  which  we  cannot  so  easily  act  upon,  permanency  of  our  appointed 
species  must  not  be  concluded  from  the  failure  of  our  limited  experiments, 
though,  on  the  other  hand,  species  must  give  way  in  those  cases  where  as  the 
result  of  properly  conducted  experiment  the  seed  of  one  plant  can  be  made 
to  produce  what  has  been  considered  as  a  distinctly  specific  form. 

As  regards  medicinal  plants,  such  specimens  as  Hvoscyamus,  Datura, 
Papaver  album.  Coriander,  and  Caraway  seem  to  do  remarkably  well  io  a 
not  over-good  soil  and  with  but  little  trouble,  so  that  where  a  market  can  be 
got  for  the  produce,  it  might  be  worth  while  to  attend  to  their  cultivation, 
especially  in  corners. 

I  shall  here  only  remark  upon  experiments  with  the  Datura  Stramonium 
and  Z).  TcUula.  A  plot  of  each  of  these  species  was  sown  side  by  side,  the 
former  from  seed  grown  in  the  district ;  the  latter  from  seed  kindly  commu- 
nicated by  Mr.  Savory  the  eminent  apothecary  and  chemist,  of  New  Bond- 
street.  Of  the  former  not  one  seed  came  up,  whilst  of  the  latter  several 
plants  at  the  time  of  my  writing  are  in  great  perfection.  I  am  informed  bj 
Mr.  Savory  that  this  species  is  highly  valuable  as  a  remedial  agent,  it  being 
much  more  active  and  uniform  in  its  action  than  the  Z).  Stramonium;  and 
he  recommends  it  in  the  shape  of  cigars.  Though  these  plants  have  been 
referred  to  under  distinct  names,  there  can,  I  think,  be  but  little  doubt  that 
they  are  only  varieties.  The  flowers  of  my  specimens  are  but  very  slightly 
tinctured  with  purple.  These  plants  are  very  abundant  in  the  United  States, 
the  tinctured  variety  being  much  more  common  towards  the  South  than  jo 
the  Northern  States,  and  it  is  not  at  all  improbable  that  the  want  of  colour  in 
my  specimens  is  the  result  of  the  cold,  exposed  climate  of  my  garden,  and 
poor  soil  in  which  1  have  planted  them*. 

7.  Weeds.  —In  this  class  I  would  notice  the  following  plots : — a.  Album 
vineale ;  b.  Carduus  acaulis  and  others. 

a.  A  plot  was  planted  in  the  spring  of  1 856  with  young  plants  of  Album 
vineale  with  the  view  of  showing  my  class  its  method  of  growth,  I  pointing 
out  to  them  how  to  get  rid  of  so  direful  a  pest.  In  the  summer  it  had 
grown  to  good  flowering  heads,  when,  fearing  lest  it  should  overrun  the 
garden,  I  had  them  pulled  up  and  put  into  a  weed  fire  to  burn.  The 
plot  was  left  untouched  until  the  spring  of  1857,  when  to  my  astonishment 
young  plants  shot  up,  and  the  rows  of  this  plot  were  as  complete  as  io  the 
former  season.     Upon  reflection  I  saw  in  this  a  lesson  which  I  had  not  my- 

*  Beck  in  his  '  United  States  Botany'  gives  the  D.  Tatnia  as  a  variety  of  D.  Stnmf- 
mum.    The  former  is  called  the  Indian,  and  the  latter  the  American  thorn-apple. 
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self  sufficiently  studied ;  in  order  to  explain  which  it  will  be  necessary  to 
point  out  that  around  the  bulb  of  this  plant,  will  be  found  from  one  to  four 
bulblets,  which  at  the  time  the  plants  begin  to  dry  are  easily  separable  from 
the  parent :  it  therefore  happened  that  upon  pulling  up  the  stem,  the  bulblets 
became  detached  and  caused  a  thicker  plant  to  spring  up  where  I  had 
thought  it  destroyed.  This  shows  bow  even  the  pulling  of  a  plant  of  this 
character  is  inefficacious  for  its  destruction ;  and  it  may  further  be  appealed 
to  as  one  of  those  accidental  experiments  which  almost  every  plot  presents, 
for  it  may  be  observed  that  in  these  plots  many  facts  (of  agricultural  interest 
especially)  are  daily  unfolded  by  the  College  Garden  experiments,  that  I 
have  not  commented  upon  in  this  report. 

As  regards  the  Cardwus  acauUs,  it  will  here  only  be  necessary  to  say  that 
having  found  a  new  locality  in  Wilts*  for  Carduus  tuberosus,  I  have  brought 
a  few  specimens  into  my  garden,  and  as  will  be  seen  from  a  separate  paper 
which  I  have  laid  before  the  Section  on  this  discovery,  I  have  an  idea  that 
the  C.  tuberosus  is  but  a  hybrid.  I  am  cultivating  the  C.  acaulis  and  C 
acarUhoides  side  by  side,  in  the  hope  of  being  able  to  prove  this  by  experi- 
ment. 

8.  Flowering  and  Ornamental  Plants. — These  for  the  most  part 
consist  of  such  specimens  as  may  be  of  use  for  teaching,  or  ornament  in  the 
lecture-room ;  and  many  of  them  afford  interesting  examples  of  departure 
from  recognized  typical  forms  as  to  be  of  value  in  teaching,  whilst  others 
seem  to  grow  wildly  and  lose  their  whole  cultivative  characters.  As  yet  I 
have  not  attended  to  the  cultivation  of  flowers  merely  as  illustrations  of  trans- 
mutation of  species ;  but  I  am  convinced  that  such  genera  as  Primula,  Vtola^ 
Myosotis,  and  Malva,  &c,  would  furnish  a  vast  amount  of  interesting  matter 
as  the  result  of  time  and  attention  bestowed  on  their  investigation. 

Here  then,  for  this  meeting,  must  end  my  notes ;  if,  however,  the  Section 
should  deem  them,  or  the  class  of  experiment  they  have  reference  to,  worthy 
of  continuation,  the  subject  offers  a  field  sufficiently  wide,  and,  I  think, 
important  for  much  future  investigation  and  description,  as  it  appears  to  me 
that  it  is  upon  the  noting  and  collecting  such  facts  as  can  only  be  obtained 
where  the  subjects  of  them  are  under  constant  observation,  that  we  can  hope 
for  much  light  being  thrown  upon  the  at  present  obscure  subject  of  specific 
distinctions ;  and  here,  whilst  experiments  are  being  made  upon  this  matter, 
it  is  not  too  much  to  state  that  other  facts  of  great  interest  are  constantly 
presenting  themselves,  so  that  while  we  are  collecting  evidence  of  a  scientific 
kind  we  may  also  expect  to  make  experiments  tending  to  useful  practical  and 
economic  discovery. 


On  the  Resistance  of  Tubes  to  Collapse. 
By  William  Fairbairn,  F.R.S. 

At  the  joint  request  of  the  British  Association  and  the  Royal  Society,  a 
series  of  experiments  was  undertaken  to  determine  the  laws  which  govern 
^e  resisting  powers  of  cylindrical  tubes  exposed  to  a  uniform  external 
pressure,  and  from  them  to  determine  their  strength,  and  deduce  rules  for 
proportioning  the  internal  flues  of  boilers  and  similar  vessels. 

Hitherto  it  has  been  considered  as  an  axiom  of  boiler- engineering,  that  a 
cylindrical  tube  placed  in  the  position  of  a  boiler  flue,  was  equally  strong  in 
nery  part  when  subjected  to  a  uniform  external  pressure,  the  length  not 
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affecting  the  strength  of  a  due  placed  in  such  circumstances.  This  rale  h, 
however,  applicable  only  to  tubes  of  infiuitely  great  length,  or  to  tubes 
unsupported  by  rigid  rings  at  the  extremities;  it  is  very  far  from  tree 
where  the  length  of  the  tube  does  not  exceed  certain  limits,  and  where  the 
ends  are  retained  in  a  cylindrical  form  by  being  securely  fastened  in  rigid 
frames  to  prevent  their  yielding  to  external  pressure.  Some  experiments 
upon  large  boilers,  with  flues  20  to  SO  feet  long  and  about  3  feet  diameter, 
first  led  to  misgivings  on  this  subject,  by  indicating  the  greater  strength  of 
the  shorter  flue.  This  anomalous  result  induced  further  inquiry,  which  not 
proving  satisfactory,  it  was  determined  to  submit  the  question  to  experiment, 
in  order  to  prove  how  far  these  doubts  were  entitled  to  credit 

To  attain  the  objects  of  the  experiments  in  a  satisfactory  manner,  it  wis 
necessary  that  the  apparatus  for  conducting  them  should  be  of  great  strength 
and  large  dimensions.  For  this  purpose  a  cast-iron  cylinder  C,  8  feet  long, 
28  inches  in  diameter,  and  2  inches  thick  of  metal,  was  prepared  for  the 


reception  of  the  tubes  to  be  experimented  upon.  A  small  pipe,  o,  *# 
connected  with  a  force  pump,  and  by  means  of  this,  water  was  injected  into 
the  cylinder  and  the  requisite  pressure  obtained.  A  second  pipe,  b,  com- 
municated with  two  steam  pressure  gauges,  by  which  the  force  required  for 
collapse  was  registered ;  and  the  indications  of  these  were  checked  by  a  small 
and  accurately  fitted  safety  valve  d.    The  large  cylinder  was  fitted  at  top 
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and  bottom  with  heavy  ribbed  coven,  screwed  to  strong  flanges  on  the 
cylinder,  calculated  to  sustain  great  pressure*  The  tube  to  be  experimented 
upon  was  fixed  in  the  position  shown  at  D,  having  cast-iron  ends  riveted 
sad  soldered  to  it  to  render  it  perfectly  water-tight  The  small  tube  *t, 
communicating  with  the  interior  of  the  tube  D,  was  for  the  purpose  of 
allowing  the  escape  of  the  contained  air  at  the  moment  of  collapse.  The 
whole  of  the  experiments  were  effected  by  means  of  the  hydraulic  pump,  by 
which  water  was  forced  into  the  cylinder  C ;  and  the  air,  driven  in  a  com- 
pressed state  into  the  upper  part,  became  highly  elastic  as  the  pressure  was 
progressively  increased  until  rupture  took  place.  At  very  high  pressures* 
the  air  in  the  cylinder  C  was  permitted  to  escape,  and  collapse  effected  by 
water  pressure  only. 

The  tubes  upon  which  the  experiments  were  made  varied  from  18  inches 
to  60  inches  in  length;  from  4  inches  to  18}  inches  in  diameter,  and  from 
*0*3  to  '25  inch  in  thickness  of  metal.  They  were  composed  of  plates  of 
riveted  sheet-iron,  and  the  thinnest  were  carefully  brazed  at  the  joints  to 
make  them  tight  and  prevent  the  entrance  of  water  under  pressure. 

The  results  of  the  experiments  may  be  stated  under  three  heads :  strength 
as  affected  by  length,  as  affected  by  diameter,  and  as  affected  by  thickness 
of  metal. 

L  Strength  as  affected  by  Length. — The  results  under  this  head  are  sin- 
gularly interesting  and  conclusive.  Within  the  limits  of  from  1*5  foot 
to  about  10  feet  in  length,  it  is  found  that  the  strength  of  tubes  similar  in 
other  respects,  and  supported  at  the  ends  by  rigid  rings,  varies  inversely  as 
the  length. 

Thus,  taking  the  four-inch  tubes  of  different  lengths,  we  have  the  following 
mean  results  derived  from  experiment : — 

(1.)  Resistance  of  four-inch  Tubes  to  Collapse. 
Diameter.  Thickness  of  Plates.  Length.  Collapsing  Pressure, 

ins.  ins.  ins.  lbs.  per  sq.  in. 

4 -043 19 137 

4 '043 60 43 

4 -043 40 65 

The  remarkable  differences  which  exist  in  the  resisting  powers  of  the  above 
similar  tubes  will  be  at  once  apparent  Assuming  the  experiment  upon  the 
tube  60  inches  long  to  be  correct,  we  may  easily  calculate  the  strength  of 
the  other  19-  and  40-inch  tubes,  by  the  above-stated  law  of  inverse  pro- 
portion. 

Thus,  for  the  40-inch  tube,  we  have  40 :  60 : :  43  :  ar=64  lbs.  And  for  the 
19-inch  tube, 

19:60::43:*=*185lbs., 

where  the  calculated  differ  from  the  experimental  results  by  jfcth  in  one  case, 
and  -firths  in  the  other. 

(2.)  Resistance  of  six-inch  Tubes  to  Collapse. 
Diameter.  Thickness.  Length.  Collapsing  Pressure, 

ins.  ins.  ins.  lbs.  per  sq.  in. 

(1.)        6 -043 .30 55 

(2.)        6 -043 59 32 

Here,  from  the  data  of  experiment  (1.),  we  may  calculate  the  strength  of  a 
tube  similar  to  that  in  experiment  (2.) 

59  :  30  : ;  55  :  x=28  lbs., 
where  the  calculated  differs  from  the  experimental  result  by  £th. 
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(3.)  Resistance  of  eight-inch  Tubes  to  Collapse. 

Diameter.  Thickness.  Length.  Collapsing  Pressure, 

ins.  ins.  ins.  lbs.  per  sq.  in. 

8 -043 39 32 

8.. -043 30 39 
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where  from  (I.)  we  have 

30  :  39  : :  32  :  *=41  lbs. 
differing  from  the  result  in  (2.)  bj  j^ths. 

(4.)  Resistance  of  ten-inch  Tubes  to  Collapse. 

Diameter.  Thickness.  Length.  Collapsing  Pressure, 

ins.  ins.  ins.  lbs.  per  sq.  in. 

10 -043 50 19 

10 "043 SO 33 

whence  from  (1.)  we  have 

30:50::  19  :  *=31f  lbs. 

or  1 J  lb.  less  than  experiment  (2.).  In  the  same  manner  all  the  experiments 
might  be  taken  and  compared,  and  the  law  will  be  found  to  hold  true  in 
every  case.  The  discrepancies  are  comparatively  small,  and,  as  they  appear 
to  follow  no  law,  are  evidently  to  be  accounted  for  from  defects  in  the  con- 
struction of  the  tubes  and  difficulties  in  the  mode  of  conducting  the  expe- 
riments, inseparable  from  such  a  mode  of  research. 

IL  Strength  as  affected  by  Diameter.— A  precisely  similar  law  is  found 
to  hold  in  relation  to  the  diameter.  Tubes  similar  in  other  respects  vary  in 
strength  inversely  as  their  diameters.  Testing  this  law  in  the  same  manner 
as  the  last,  we  may  at  once  place  the  calculated  pressure  beside  that  derived 
from  experiment.    Hence  we  have  the  following  table: — 

(I.)  Resistance  to  Collapse  of  Tubes  five  feet  long. 

Diameter.  Collapsing  Pressure, 

lbs.  per  sq.  in. 

ins.               By  Experiment.          By  Calculation.  Variation. 

4 43  lbs. 

6 32 28-6 -3-4 

8 20-8   21-5 +07 

10 16-0    17*2 1-2 

12 12-5    14-3 1-8 

The  above  variations  are  slight  when  compared  with  the  resisting  powers  of 
the  tubes.  They  were  no  doubt  caused  by  the  varying  rigidity  of  the  iron 
plates,  or  defects  in  the  cylindrical  form.  Similarly  we  may  take  the  result* 
on  tubes  30  inches  long,  and  tabulate  them  in  a  similar  manner. 

(2.)  Resistance  to  Collapse  of  Tubes  2  feet  6  inches  in  length. 

Diameter.  Collapsing  Pressure. 

lbs.  per  sq.  in.  Variation, 

ins.                By  Experiment.          By  Calculation.  lbs. 

4 84 78 -6 

6 52 

8 39 39 0 

10 33 31  2 

12 22 26 +4 

As  before,  the  variation  between  the  results  calculated  by  the  law  from 
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the  data  of  one  experiment  and  those  arrived  at  by  actual  collapse,  will 
be  seen  to  be  very  slight,  and  within  the  limits  of  error  which  might  be 
anticipated. 

III.  Strength  as  affected  by  the  Thickness. — It  is  found  that  the  tubes  vary 
in  strength  according  to  a  certain  power  of  the  thickness,  the  index  of  which, 
taken  from  the  mean  of  the  experiments,  is  2*19,  or  rather  higher  than  the 
square. 

Combining  the  above  laws  into  a  general  expression,  we  get  as  the  formula 
for  the  strength  of  tubes  subjected  to  a  uniform  external  force, 

P=Cx 


L.D 


where  P  is  the  collapsing  pressure,  k  the  thickness  of  the  plates,  L  the  length 
of  the  tube,  which  should  not  be  less  than  1*5,  or  greater  than  10  feet;  D 
the  diameter,  and  C  a  constant  to  be  determined  from  the  experiments.  For 
lubes  of  greater  length  than  above  specified,  a  variable  quantity  dependent 
upon  the  length  must  be  introduced ;  and  the  value  of  this  has  yet  to  be 
determined. 

For  ordinary  practical  calculations  the  following  formula  will  probably 
afford  the  needful  accuracy, 

P=806,S00Xjr— jy 

Thus,  for  instance,  take  a  flue  10  feet  long,  2  feet  in  diameter,  and  com- 
posed of  £-inch  plates.     Here  the  collapsing  pressure 

•25* 
P=806,300X17r^5I==210lbs. 
JL0XZ4 

per  square  inch  nearly. 

Some  experiments  have  also  been  made  upon  elliptical  tubes ;  and  the 
results  have  been  most  conclusive  as  to  the  weakness  of  this  form  in  resisting 
external  pressure.  No  tubes  in  use  for  boilers  should  ever  be  made  of  the 
elliptical  form. 

With  regard  to  cylindrical  flues,  the  experiments  indicate  the  necessity  of 
an  important  modification  of  the  ordinary  mode  of  construction,  in  order  to 
render  them  secure  at  the  high  pressures  to  which  they  are  now  almost  con- 
stantly subjected.  If  we  take  a  boiler  of  the  ordinary  construction,  30  feet 
|°ngi  7  feet  in  diameter,  and  with  one  or  more  flues  3  feet  or  3  feet  6  inches 
in  diameter,  it  will  be  found  that  the  outer  shell  is  from  three  to  three  and  a 
half  times  as  strong  in  resisting  an  internal  force,  as  the  flues  which  have  to 
resist  the  same  external  force.  This  being  the  case,  it  is  evident  that  the 
excess  of  strength  in  those  parts  of  the  vessel  subjected  to  tension,  is  actually 
tf  no  value,  so  long  as  the  elements  of  weakness  are  present  in  the  other  parts 
subjected  to  compression.  To  remedy  these  defects  of  construction,  it  is  pro- 
Posed  that  strong  rigid  rings  of  angle-iron  should  be  riveted,  at  intervals,  along 
the  flue, — thus  practically  reducing  its  length,  or  in  other  words,  increasing  its 
toength  to  uniformity  with  that  of  the  exterior  shell  of  the  boiler.  This 
alteration  in  the  existing  mode  of  construction  is  so  simple,  and  yet  so 
effective,  that  its  adoption  may  be  confidently  recommended  to  the  attention 
of  those  interested  in  the  construction  of  vessels  so  important  to  the  success 
°[  our  manufacturing  system,  and  yet  fraught  with  such  potent  elements  of 
disaster  when  unscientifically  constructed  or  improperly  managed. 
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Report  of  the  Proceeding*  of  the  Belfast  Dredging  Commit  tee. 
By  George  C.  Hyndman. 

In  the  comprehensive  Report  of  the  late  Wm.  Thompson,  Esq.,  made  in  1843, 
the  Mollusca  of  Belfast  Bay  were  so  far  elucidated  that  but  few  species  have 
since  been  added,  and  it  may  be  considered  that  little  now  remains  to  be 
done  in  that  department  but  to  generalize  the  results,  which  may  be  summed 
up  at  present  by  stating  the  numbers  to  be,  of 

Bivalves,        Acephala  lamellibranchiata,        96  species. 
Brachiopods,  Acephala  palliobranchiata,  2  species. 

Univalves,      Gasteropoda  prosobranchiata,     96  species. 
Univalves,      Gasteropoda  opisthobranchiata,  1 1  species. 

In  all   205  species. 

Of  the  Tunicata,  the  Nudibranchs,  and  the  Cephalopods,  little  or  no  further 
observations  have  been  made  since  Mr.  Thompson's  report. 

The  Bay  of  Belfast  is  a  wide  open  estuary,  without  any  minor  inlets  sad 
not  diversified  with  any  islands,  except  the  Copelands,  which  lie  at  its 
entrance  on  the  southern  side.  It  is  about  seven  miles  wide  between  the 
extreme  headlands,  and  within  that  space  its  depth  does  not  exceed  10 
fathoms.  It  is  only  beyond  this  line  that  the  depth  increases  to  20  fathoms, 
and  does  not  reach  50  fathoms  till  beyond  the  outermost  of  the  CepeJand 
Islands. 

The  only  river  of  any  magnitude  deserving  notice  that  flows  into  the  Bay, 
is  the  Lagan,  which  enters  at  the  extreme  southern  point,  and  has  in  the  course 
of  ages  considerably  changed  that  portion  of  the  Bay,  by  the  deposits  of  gravel) 
sand,  and  mud  carried  down.  A  very  large  area  over  which  the  tide  once 
flowed  has  thus  been  gradually  filled  up ;  on  it  now  stands  a  great  portion  of 
the  town  of  Belfast,  with  its  numerous  manufactories,  places  of  business,  and 
the  abodes  of  its  stirring  population.  Evidence  of  this  change  occurs  wherever 
excavations  have  been  made  for  wells  and  foundations  of  buildings,  sea  sand 
and  shells  being  generally  found,  sometimes  at  the  depth  of  30  feet  and  more 
in  places  further  up  the  valley  than  where  the  town  stands.  Further  down 
on  either  side  of  the  Bay  extensive  changes  have  also  taken  place,  by  the 
gradual  rising  of  mud  banks  covered  with  Zostera,  where  so  lately  as  sixty 
or  seventy  years  ago,  people  were  in  the  habit  of  travelling  along  the  strand  at 
low  water  between  Belfast  and  the  villages  of  Holywood  and  White  Abbey. 

Whilst  these  changes  had  been  going  on  at  the  upper  end  of  the  Bay* 
alterations  of  an  opposite  character  were  taking  place  on  both  sides  still 
further  down,  where,  as  at  Cultra  and  Bally  home  Bay  on  the  Down  side,  and 
near  Carrickfergus  on  the  Antrim  side,  large  portions  of  the  land  have  been 
undermined  and  swept  away.  Without  supposing  any  variation  in  the  winds 
and  tides,  these  latter  changes  may  in  part  be  accounted  for  by  the  continued 
drawing  away  of  gravel  and  sand,  and  the  removal  of  numerous  detached 
rocks  and  reefs  for  building  and  other  purposes,  by  which  the  shores  have 
been  more  exposed  to  the  action  of  the  waves  than  formerly. 

These  changes  in  the  bed  of  the  sea  must  have  had  a  corresponding  influ- 
ence upon  the  Mollusca,  many  species  which  inhabited  the  sandy  and  muddy 
tracts  of  shore  having  been  covered  up  and  killed ;  and  several  species  have 
probably  thus  become  extinct,  as  they  are  no  longer  found  living :  but  on 
this  point  as  yet  there  is  only  negative  evidence,  and  the  subject  requires 
further  investigation. 
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Species. 


Observations. 


Lambixibbanchiata. 
Teredo  Nonragpea 


Pholaadactylua. 


-criapata. 


deed 

living 
dead 

living 
dead 


Saxicava  rugose. 

arctica  ..... 

Mya  truncate.... 


Corbola  nucleus.. 
Pandora  obtnsa .. 


Lyonsia  Nerve, 
Thracia  phaseou 
villoaiuscula  . 


living 
living 
living 
living 
dead 

living 
living 
living 

living 
dead 
dead 
dead 


dead 


— —  distorts 
Cochlodesma  pnetenue... 

Solen  marginatua 

-^-eilinua   

etuis ., 

peUuci 

Solecnrtna  eoarctatna 

Paunmobia  Ferroensis  ... 


Telline 


tabula    

soUdola 

Syndosmya  alba.. 


Not  known  as  living  in  the  Bay.    Found  frequently  in 

drift  wood  dug  up  in  making  sewers  in  Belfast,  and  in 

the  excavations  for  the  Harbour  im^ 

In  variegated  marl  between  high  and  low  water  near 

Camdrfenus :  also  on  the  County  Down  shore. 
In  submerged  peat  at  the  mouth  of  Conn's  water,  at  the 
upper  end  of  the  Bay  on  the  County  Down  side,  by 
the  late  Dr.  Drummond ;  at  White  House  Point  on 
the  Antrim  side  by  the  Ordnance  Survey  Collectors. 
In  submerged  peat  at  extreme  low  water  in  Bangor 

Harbour,  County  Down,  and  in  other  places* 
In  the  alluvial  deposit  at  the  head  of  the  Bay,  of  very 

large  size. 
On  both  sides  of  the  Bay ;  between  tide  marks  common. 
Common  from  low  water  mark  to  2ft  fathoms. 
Not  uncommon  in  the  deeper  water. 
Littoral,  in  mud. 
At  various  depths  to  2ft  fathoms.    Of  very  large  sise  in 

the  alluvial  deposit. 
Littoral  in  sand  and  mud* 
In  mud  at  1ft  to  20  fathoms ;  not  abundant. 
Off  Cattle  Chichester  and  Black  Head,  in  15  to  20 

fathoms;  rare. 
On  both  aides  of  the  Bay,  in  from  8  to  12  mthoma. 
In  the  deeper  water,  scarce. 
Off  Groomsport,  Edward  Waller,  Esq. 
Recorded  in  Mr.  Thompson's  Report. 
Not  uncommon  in  the  alluvial  deposit  cut  through  in 
forming  the  new  Channel,  at  a  depth  of  10  to  15  feet. 
Not  known  to  be  now  living  in  the  Bay;  two  spe- 
cimens have  been  dredged  off  Black  Head,  broken, 
but  with  ligament  fresh,  so  that  it  ia  probably  still 
living ;  its  habit  of  burrowing  places  it  out  of  reach 
of  the  dredge, 
dead  In  limestone  near  Belfast,  Mr.  Grainger, 
dead   In  20  fathoms  off  Black  Head,  valves  united,  rare. 

Recorded  by  Brown  as  found  in  the  Bay. 
dead  Off  Bangor,  County  Down,  and  in  alluvial  deposits  at 

the  Quays, 
living  On  both  sides  of  the  Bay.    Very  large  and  fine  sped- 

mens  from  Ballyhome  Bay,  Mrs.  Clealand. 
living  On  both  sides  of  the  Bay,  and  of  very  large  size  at  the 

same  place  with  the  last, 
living  Not  uncommon  in  6  to  20  fathoms. 
Adead. 
dead   Rare,  in  20  mthoma  off  Black  Head;  valves  fresh  and 

united, 
dead  Rare,  off  Castle  Chichester  and  Bangor,  with  valves 

united.    In  the  alluvial  deposits, 
dead   Rare,  off  Castle  Chichester, 
dead  Rare,  in  10  fathoms  off  Castle  Chichester,  and  also  off 

Groomsport. 
dead   Very  rare,  off  Castle  Chichester, 
living  Not  uncommon  on  sandy  shores,  both  sides  of  the  Bay. 
dead   Rare,  off  Bangor, 
living  Common  in  mud  between  tide  marks, 
living  Rare  in  8  to  10  fathoms, 
dead  In  the  alluvium  near  Belfast. 
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Specie* 

Observations. 

LAmLLIBRANCH  I  ATA. 

Syndoamya  intermedin ... 

— —  prismatica 

living 
living 
dead 

dead 

living 
living 
dead 
dead 

dead 
dead 

living 
dead 
living 
dead 

living 
living 
dead 
liviog 
dead 

living 
living 

living 
dead 
deed 

deed 

dead 

living 
dead 
dead 
living 

living 
dead 

dead 

living 

dead 
dead 
dead 
dead 

Rare,  in  the  deeper  water. 

Rare,  in  20  fathoms  off  Black  Head. 

Common  in  the  alluvial  deposit.  At  a  depth  of  30  feel, 
in  sinking  a  well  at  Durham  Street  MUL  At  18  feet 
at  Linfield  Mill.  On  the  mnddy  banks  of  the  mer 
Lagan  nearly  as  far  up  as  the  tide  now  flows.  Ha 
not  been  found  living,  but  is  probably  to  be  found. 

A  single  valve  dredged  up  off  Cattle  Chichester,  sad 
odd  valves  off  Bangor.                                           i 

On  sandy  shores  between  tide  marks. 

In  20  fathom*,  not  uncommon.                                 i 

Smbicularia  piperata  ... 
Mactra  tolidt 

— —  truncata    m 

■        elliptic*r.»T-T---t 

In  shell  sand  from  deep  water,  common. 

On  both  aides  of  the  Bay  and  in  the  alluvium,  not  on-  j 
common.    Probably  living,  but  inaccessible  to  the ' 
dredge.    Common  in  the  alluvium.                        j 

Rare,  in  the  alluvial  deposit 

Rare,   in  the  alluvial  deposit,  of  large  size.    Not 
known  to  be  now  living  in  the  Bay*                       j 

Common  on  both  sides  of  the  Bay.                            1 

Abundant  in  the  alluvium. 

TiUtraria  elliptic*  „„,.t- 

■       oblonga. ..••«••• 

Tapes  decussate 

— —  pullattra   .».— 

—  virginea 

Not  common,  in  from  10  to  20  fathoms.                   1 

Common  throughout  the  Bay  at  various  depths,  with ! 

the  valves  fresh  and  united,  and  also  in  the  aDaviom. 
Rare,  off  Bangor. 

Common  in  sandy  beaches  between  tide  marks. 
In  the  alluvial  deposits. 
Frequent  in  20  fathoms. 
Common  in  the  deeper  water.    Not  found  in  the  aOo- 1 

vium. 
Common  from  low  water  mark  to  20  fathoms. 

—  var.  Sarniensis 

— — —  aurea.  ...•..•>..* 

Venus  caaina 

— —  striatnla 

—  fascist* 

Not  uncommon  from  10  to  20  fathoms  on  both  sides  | 

■       ovata • 

of  the  Bay. 
Rare,  in  20  fathoms  off  Black  Head. 
Abundant  in  shell  sand  from  deep  water. 
Scarce,  in  about  10  fathoms  on  both  sides  of  the  Bay. 

On  the  shore  at  Cultra  single  valves  are  thrown  up 

by  the  tide.    Probably  still  living. 
Not  uncommon  with  the  valves  united  on  both  sides 

of  the  Bay.   Also  in  the  alluvial  deposits.  Probably 

living. 
Not  uncommon  in  5  to  10  fathoms.    Of  very  large 

size  in  the  alluvial  deposit. 
Rare,  in  20  fathoms. 

Artemis  exoleta 

lincta 

Lncinopsis  undata 

Oyprina  Islandica  ......... 

Frequent,  of  various  sizes. 

Rare,  in  ahesl  sand  from  deep  water. 

Common  in  10  to  20  fathoms,  both  sides  of  the  Bsy.  ■ 

Rare,  with  the  last. 

Abundant  in  shell  sand  from  deep  water. 

A  smooth-edged  variety  of  this,  as  well  as  of  the 
preceding.     Query.— Can   the    difference  be 
sexual? 
Not  common.    In  from  10  to  20  fathoms,  valves  often 

united. 
Common  on  sandy  shores,  but  not  in  sufficient  numbers 

to  be  gathered  for  sale. 
Rare,  in  10  to  20  fathoms. 
Rare,  in  10  fathoms. 
Rare,  in  shell  sand  from  deep  water. 
Rare,  in  10  to  20  fathoms. 

Circe  minima 

Astarte  sulcata 

—  var.  Scotica,  smooth- 
edged  

——triangularis  

Cardium  echinatum  

—  ednle 

-        nodosum  

■■   ■       iwnngnm 

— ««— Suecicum 

I..       Norvegicum  •••...... 
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Species. 


Lamkxlibbanchiata, 
Lucina  borealis 

— —  spinifera 

llexuoea v„ 

Montacuta  subetriata. . . . , 

bidentata  , 

Turtonia  minuta    , 


.  Kelha  suborbicularis. 

| rubra 

Mytilus  edolis    


dead 


hving 

dead 
living 


dead 
living 
living 


ModioJa  Modiolus.. 


Observation^ 


^FOIli^ 


Tolipa  .... 

Crenella  diseors. 

- —  mannorata 

decussate  . 

Noeula  Nucleus. 

oitida    .... 

radiata  .... 


Not  uncommon  in  6  to  12  fathoms.  Of  large  size  in 
the  alluvial  deposits  at  Belfast. 

Very  rare,  in  20  fathoms  oft*  Black  Head,  valves  united. 

Rare,  in  5  fathoms,  and  in  the  alluvial  deposits. 

Rare,  on  Spatangus  porpureus,  in  20  to  25  fathoms  off 
Black  Head. 

Rare,  off  Bangor. 

Abundant  between  tide  marks.  Found  in  great  quantity 
in  the  stomachs  of  Mullet  taken  in  the  Harbour  near 
Belfast.  In  one  fish  taken  in  Lame  Lough  and  the 
contents  of  the  stomach  given  to  me  by  W.  Darragh, 
Curator  to  the  Belfast  Museum,  I  estimated  35,000 
of  these  little  shells. 

Rare,  in  mud  from  10  fathoms. 

Common  between  tide  marks. 

Very  abundant  on  banks  uncovered  by  the  tide  on  both 
sides  of  the  Bay.  They  were  in  former  days  very 
abundant  on  the  banks  off  Holywood,when  they  were 
used  as  food,  and  also  for  bait.  Now  they  have  be- 
come less  plentiful  and  not  so  good  in  quality,  and 
are  not  so  much  sought  after.  Captain  White,  Har- 
bour Master,  tells  me  that  in  his  early  days  it  was  a 
common  saying  that  "  Mussels  and  Hemp  paid  the 
Holywood  rent."  The  Hemp  was  then  grown  for 
making  fishing  gear,  but  has  long  ceased  to  be  so 
used.  In  Bennrs  History  of  Belfast,  it  is  stated  that 
in  1739  and  the  following  year,  in  consequence  of  the 
great  frost,  crowds  of  wretched  people  from  Belfast 
and  other  places  assembled  on  the  Warren  at  Holy- 
wood,  and,  pitching  tents.there,  lived  on  the  Mussels 
found  on  the  banks. 

Mr.  Patterson  in  his  <  Zoology  for  Schools '  records  a 
similar  case  as  having  happened  in  1792  or  1793, 
when  about  20  families  of  poor  people  came  from  the 
interior  of  the  country  and  encamped  along  the  road- 
side and  on  the  beach  a  short  way  to  the  west  of 
Holywood.  They  remained  there  about  five  weeks, 
subsisting  principally  upon  the  mussels  from  the 
banks. 

Mussels  grow  very  rapidly,  as  a  vessel  lying  in  the  Old 
Channel  for  less  than  three  months  was  found  to  be 
covered  with  them,  folly  an  inch  in  length.  They 
also  attach  themselves  to  the  buoys,  and  even  to 
the  pilot-smack  which  is  kept  sailing  through  the 
Harbour. 

Common  at  various  depths  from  6  fathoms.  They  are 
dredged  up  in  from  6  to  10  fathoms  off  Groomsport, 
and  used  extensively  as  bait  for  Haddock  and  other 
fish.  They  are  also  eaten  by  the  fishermen.  Very 
commonly  occupied  by  Pinnotheres  pisum,  the  Pea 
Crab. 
Rare,  in  about  10  fathoms  and  deeper. 
Rare,  at  the  roots  of  Antennularia  and  other  zoophytes 

in  from  1 0  to  25  fathoms. 
Very  common  imbedded  in  Ascidia  mentula,  and  some- 
times moored  by  a  byssus  to  shells  and  seaweed, 
dead   Rare,  in  shell  aand  from  27  fathoms ;  valves  united, 
living  Common  in  muddy  ground  from  5  fathoms  and  deeper, 
dead   Rare,  in  shell  sand  from  27  fathoms, 
living  Rare,  off  Groomsport.    Edward  Waller,  Esq. 


living 


living 
living 

living 
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Lamkllibranchiata. 

Leda  faudata • 

Area  tetragons 


dead 

living 

dead 
dead 


Pectunculus  glycimeris .. 


lifing 
dead 
living 


dead 
living 


Rare,  in  20  to  25  frtfaoms  off  Black  Head. 

Imbedded  in  a  pebble  of  black  limestone  in  50  fathoms, 
off  the  Copeland  Islands. 

Rare,  in  shell  sand  from  27  fathom*. 

Rare,  with  the  preceding. 

Rare,  in  10  to  20  fathoms  off  Castle  Chichester  and 
Black  Head. 

Abundant  at  the  same  place.  Small-sized  single  valves 
common  in  shell  sand  from  deep  water. 

Rare,  in  25  fathoms  off  Black  Head.  Pearls  were 
found  in  one  specimen,  of  a  brown  colour  like  the 
shell. 

Very  rare,  in  shell  sand  from  27  fathoms. 

Rare,  in  20  fathoms  and  deeper.  Makes  a  nest  far 
itself  like  Atom ,  but  often  occurs  without  any.  The 
animal  swims  vigorously  through  the  water.  The 
late  James  Rose  Clealand,  Esq.,  of  Rathgael  House, 
discovered  this  shell  many  years  ago  off  the  Copeiaad 
• "     "        '  of  its  i    " "  ~ 


Pecten  vsrius.. 
Pusio    .. 


—  tigrinus. 
similis  . 


—  opercularis 


Ostrea  edolis . 


dead 
dead 


living 
living 


living 
dead 

dead 
living 


living 


living 


Islands,  and  was  aware  of  its  making  a  nest    He 
was  one  of  the  earliest  dredgers  in  this  bay. 

Common  in  shell  sand  from  deep  water. 

A  single  valve  found  in  the  alluvial  deposit  by  Dr.  Was, 
M'Uee;  also  recorded  as  found  by  the  Ordnance 
Survey  Collectors  in  7  fathoms ;  but  the  shell  has 
never  occurred  in  any  of  our  late  dredging*. 

Not  common,  in  about  10  fathoms. 

Not  uncommon  among  dead  shells  from  10  to  12 
fathoms.  Sometimes  found  inside  a  bivalve  iheU 
closely  fitting  to  its  concavity. 

Rare,  in  20  fathoms  and  deeper. 

Single  valves  not  uncommon  in  shell  sand  from  deep 
water. 

Rare,  in  shell  sand  from  27  fathoms. 

Not  uncommon  in  some  localities.  Mr.  Hugh  Gray,  in 
intelligent  and  experienced  dredger  and  fisher  from 
Groomsport,  tells  me  that  these  shells  may  be  takes 
in  great  numbers  off  Ballycormick  Point  close  Co  the 
shore  in  7  to  10  fathoms,  and  also  along  the  Antrim ! 
coast  and  round  the  Copeland  islands.  They  sre 
seldom  sought  for  exclusively,  but  taken  in  the  search 
for  oysters,  as  they  bring  a  very  small  price  in  the 
market. 

Abundant  in  some  places  and  generally  diffused  through 
the  Bay,  at  various  depths  from  7  to  20  fathom*. 
Mr.  Gray  says  they  are  sometimes  taken  in  ereat 
numbers  in  trawling,  by  their  shell  fastening  opoa 
the  net.  They  are  also  sometimes  taken  by  the 
dredge  and  brought  to  market,  but  the  price  is  so 
low  as  not  to  remunerate  the  fishermen. 

Abundant  at  various  depths  from  near  low  water  mark 
to  25  fathoms.  Attains  a  very  large  size  and  a  grot 
age,  if  the  number  of  layers  of  shell  be  taken  ss  s 
criterion.  Those  that  are  taken  in  this  Bay  have 
long  been  esteemed  for  their  good  quality  under  toe 
name  of  Carrickfergus  Oysters.  The  following  in- 
formation has  been  given  me  by  Mr.  Hugh  Gray. 

There  are  various  beds  through  the  Bay  on  which 
Oysters  may  be  had.  One  near  the  lighthouse  in 
about  1  to  If  fathom.  Other  beds  are  from  2  to  8 
fathoms.   About  four  years  ago  abed  was  discovered 
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Lamcllibslanchiata. 


Aaoona  ephippium 

—  aculeata....... 

patelliformis . 


Bbacbiopoda.  Acrphala 

PaLLIOBRAXCHIATA. 

Terebratula    caput    ser 
pentis. 


-      tf      »• 
Crania  anomala . 


|     Gasteropoda  Probo 
brancbiata. 

i  Chiton  fascicularis 

» ruber 

j cinereus    

I asellns 

; albus 

j  —  cancellatus    

bevis 

marmoreus   

Patella  vulgata 


-  pellocida 


living 


living 
living 
dead 
dead 


living 


dead 
dead 


living 
living 
living 
living 
living 
living 
living 
living 
living 


near  the  Copeland  Islands  in  14  fathoms,  now  nearly 
dredged  out.  This  is  the  greatest  depth  at  which 
Oysters  are  generally  taken  for  sale,  but  Mr.  Gray 
has  known  them  brought  up  on  the  long  lines  from 
45  fathoms,  of  large  size  and  good  quality.  Oysters 
generally  prefer  hard  ground,  that  is,  where  stones 
and  dead  shells  are  to  be  found  to  which  they  can 
attach  themselves ;  they  are  of  better  quality  on  such 
ground  than  on  mud.  He  has  seen  their  spawn,  but 
knows  nothing  of  their  age,  nor  how  long  thej  are 
in  attaining  their  full  size.  The  number  of  boats 
employed  in  dredging  has  diminished  of  late  years, 
more  owing,  Mr.  Gray  thinks,  to  a  falling  off  in  price 
than  to  any  scarcity  of  the  Oysters,  which  are  now 
imported  in  considerable  quantities  from  Greencastle, 
Stranraer,  and  Whitehaven.  The  highest  price  he 
has  known  the  fishermen  to  obtain  was  21*.  per  120. 
They  are  now  down  to  7#.  for  the  best,  and  have 
been  so  low  as  3*.  when  not  of  the  best  quality. 

No  attempt  has  been  made  to  establish  artificial  beds 
in  Belfast  Bay. 

Common  on  oysters,  scallops,  and  other  shells  at  va- 
rious depths.  Upper  valves  of  large  size  are  some- 
times found  with  laminaria  attached. 

Not  very  common,  on  laminaria. 

Frequent  on  shells  from  10  to  20  fathoms. 

Common  in  shell  sand  from  deep  water. 

Same  as  the  last. 


Very  rare.  Recorded  as  having  been  taken  by  the  Ord- 
nance Survey  Collectors  off  White  Head.  Has  not 
occurred  to  any  of  us  since  within  the  Bay,  although 
found  in  deeper  water  outside. 

Rare,  in  shell  sand  from  deep  water. 

Rare,  in  shell  sand  from  deep  water,  found  living  in  the 
deep  water  north  of  the  Bay. 


living 


1857. 


Determined  by  the  late  W.  Thompson,  Esq.,  and 
-  published  in  his  Report  under  the  names  by  which 
they  were  then  known. 


Common  on  rocks  and  stones  between  tide  marks. 
Within  the  Bay  they  are  not  much  sought  after  as 
food ;  but  at  Groomsport  Mr.  Gray  informs  me  they 
are  so  used,  and  also  as  bait  for  Codling.  Captain 
White,  Harbour  Master,  tells  me  that  they  are  found 
to  be  good  for  eating  and  wholesome  on  the  outer 
coast  of  County  Down,  but  that  in  Strangford  Lough 
they  are  found  not  to  be  wholesome,  and  are  aroided 
by  the  people  there. 

Common,  burrowing  into  thestemsof  Laminaria  digtiaia. 
Intiheyoungstate  on  the  leavesof  the  same  plant.  The 
thin  variety  seems  only  to  be  found  on  rocky  shores. 
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Gasteropoda    Pkoso- 

BRANCHIATA. 

Acmaea  testudinalis  ... 


virginea 

Propilidium  ancyloide 

"~ —~    »»     •••• 
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Pileopsis  Hungarian.. 
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Frequent  on  both  sides  of  the  Bay  on  rocks  and  store 
near  low  water  mark. 

First  discovered  as  a  British  shell  by  the  late  James 
Rose  Clealand,Esq.,and  named  after  him  by  Sowerby, 
but  it  was  afterwards  found  to  have  been  prcriooily 
described  and  named  by  M  tiller. 

Rare,  on  oysters  and  dead  shells  from  10  fathom*. 

Scarce,  among  the  shell  sand  from  27  fathoms.  I 

In  90  to  100  fathoms  off  the  Maidens. 

Common  in  from  5  to  20  fathoms. 

Rather  scarce,  among  oysters  and  dead  shells  in  10  to 
20  fathoms.  i 

Scarce,  in  similar  situations  with  the  last.  I 

Rare,  in  shell  sand  from  deep  water. 

Common  at  various  depths  from  5  to  25  fathoms.       | 

Frequent  in  shell  sand  from  deep  water. 

Very  rare,  in  60  fathoms  off  the  CopeUmd  Islands. 

Rare,  in  shell  sand  from  20  fathoms  and  deeper. 

Common  from  Laminarian  zone  to  deep  water.  The 
white  variety,  Lyonsii,  is  occasionally  fonnd. 

Very  rare.  Two  broken  specimens  dredged  op  it 
separate  times  in  the  Bay ;  but  as  there  are  only  two 
other  examples  known  of  its  being  found  sofsr  from 
its  usual  southern  habitat,  these  have  been  aoosabt 
introduced  accidentally.  > 

Rather  scarce,  in  from  10  to  20  fathoms. 

Abundant  in  shell  sand  from  deep  water.  First  taken , 
in  this  neighbourhood  by  the  late  J.  R.  dealand.  | 
Esq. 

Off  Groomsport.    (Edward  Waller,  Eaq.)  , 

Rare,  in  shell  sand  from  deep  water.  | 

Rare,  in  from  10  to  20  fathoms. 

Common  between  tide  marks  and  a  little  deeper. 

Common  between  tide  marks. 

Common  in  some  situations  on  both  sides  of  the  Bay 
from  low  water  mark  to  10  fathoms. 

Common  on  Laminaria  digitata,  &c. 

Frequent  near  low  water  mark. 

Common  in  shell  sand  from  deep  water. 

Rare,  in  shell  sand  from  deep  water. 

Very  rare,  in  same  shell  sand  as  last. 

Rarely  found  so  far  south  in  the  Channel,  but  occtuoa- 
ally  abundant  on  the  shore  at  Portrnsh  snd  tbe 
Giant's  Causeway. 

Common  near  high  water  mark. 

Common  on  rocks  between  tide  marks  on  both  tkki  of 
the  Bay.  Very  abundant  on  banks  on  both  sides  of 
the  channel  leading  to  the  Harbour,  from  who** 
the  Periwinkles  are  gathered  and  exported  in  large 
quantities  to  London.  Mr.  Getty,  Secretary  to  tbe 
Harbour  Commissioners,  informs  me  that  this  trade 
has  been  carried  on  for  the  last  25  years  by  one  per- 
son, who  employs  three  horses  and  a  mule  to  draw 
them,  besides  employing  boats,  &c,  paying  about 
£60  weekly  in  wages  during  the  season.  The  Peri- 
winkles are  assorted  and  put  into  sacks, of  which  out 
hundred  are  often  shipped  by  one  steamer  weekly. 
The  quantity  exported  in  1854  amounted  to  400  toss, 
and  in  1855  to  459  tons.    During  this  long  period 


BELFAST  DRBDGIKG  COMMITTEE. 


227 


Species. 


Observations. 


Gasteropoda    Proso- 
b  ranch  i  ata. 


Uttorina  littorea 

rudis 

patula    

liltoralis    .. 

Lacona  pallidula 

vincta    

crassior 

Rinos  striatula .. 

Zetlandica.. 

crenulata  .. 

calathus    .. 

Beanii   

punctura  .. 

—  eostata 

—~  striata   

1      ?t       

■  parva.  ••••••■ 

~ ~—    I?     

interrupt* .. 

labiosa 

rufilabrum.. 

cingiilus    .. 

■ ulvse  .». 


Skenea  pUnorbis 


,  Turritella  communis . 


Caecum  gUbrum    

'  Aporhais  pes  pelecani 
Cerithiura  reticulatum 


• —  adversum  .. 
Scalaria  Tortoni 


i 


■ —  communis 

— -  clathratula    

.  Aclisanica 

Eulimapolita 

distorta 

i bilineata   

!  Chemmtziarufescens... 

Odostomia  unidentata 

plicata  

eulimoidea 


dead 


living 

living 
living 

living 
living 
living 

dead 
dead 
dead 
dead 
dead 
dead 
dead 
dead 
living 
living 
dead 
living 
living 
living 
living 
living 


living 

living 
dead 

dead 
living 
living 
dead 
dead 
dead 


dead 
dead 
dead 
dead 
dead 
dead 
dead 
dead 
dead 
dead 


there  appears  to  have  been  no  diminution  in  the 

supply  until  this  last  season,  when  it  is  stated  they 

are  not  so  plentiful  as  formerly. 
In  the  alluvial  deposits.    1  have  found  these  shells  in 

a  sandy  beach  on  the  banks  of  the  Blackwater 

(Blackstaff),  nearly  two  miles  beyond  the  present 

highest  reach  of  tbe  tide. 
Common  on  rocky  ground  a  little  below  high  water 

mark. 
Common  in  similar  localities  as  the  last. 
Common  among  fuci  on  rocks  and  stones  between  tide 

marks. 
Common  on  latninaria. 
Same  as  the  last. 
Rather  rare,  on  larainaria,  Ac,  in  deeper  water  than  the 

two  preceding. 
Rare,  in  shell  sand  from  deep  water. 
Rare,  with  the  last. 
Rare,  do. 

Rare,  do. 

Abundant,  do. 
Scarce,  do. 
Scarce,  do. 
Abundant,  do. 

Common  between  tide  marks. 
Common  on  tea- weed. 
Common  in  shell  sand. 
Common  between  tide  marks. 
Abundant  on  banks  where  Zostera  grows. 
Scarce  on  seaweed  between  tide  marks. 
Common  under  stones  near  low  water. 
Profusely  scattered  over  the  muddy  shores  left  dry  be- 
tween high  and  low  water. 
In  summer  it  is  the  chief  food  of  the  grey  Mullet,  which 

is  taken  in  tbe  channel  leading  to  the  Docks.    In 

winter  various  sea-birds  feed  upon  it. 
Common  on  seaweed  near  low  water.    Found  also  in 

the  stomachs  of  grey  Mullet. 
Frequent  in  from  10  to  20  fathoms.      « 
In  the  alluvial  deposits,  of  much  larger  size  than  any 

now  found  living. 
Rare,  in  shell  sand  from  deep  water. 
Common  in  10  to  25  fathoms. 
Abundant  on  the  muddy  banks  between  tide  marks. 
Common  in  the  alluvial  deposits. 
In  shell  sand  from  deep  water. 
Rare.    In  the  alluvial  deposits ;  in  one  instance  several 

were  found  together.    Not  known  as  now  living  iu 

the  Bay. 
Rare  in  shell  sand  from  deep  water. 
Rare,  with  the  last. 
Very  rare,  same  as  last. 
Rare,  in  deep  water. 
Rare,  in  shell  sand  from  deep  water. 
Not  uncommon,  with  the  last. 
Rare,  off  Groomsport.    (Edward  Waller,  Esq.) 
Rare,  in  shell  sand  from  deep  water. 
Rare,  Bangor. 
Rare,  in  shell  sand  from  deep  water. 

—  Q~2 
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Rare,  with  the  last. 

Rare,  with  the  last.  *  i 

Not  common,  off  Bangor.  I 

Rare,  in  about  10  fathoms. 

A  small  white  polished  variety,  or  a  distinct  species,  is , 
common  in  shell  sand  from  deep  water.  I 

In  20  fathoms. 

Rare,  in  15  to  20  fathoms. 

Rare,  on  Laminaria. 

Rare,  in  shell  sand  from  deep  water.  ' 

Rare,  with  the  last.  < 

Rare,  in  deep  water.  ' 

Common  on  rocks  between  high  and  low  water  mark, 
sometimes  found  in  deep  water.  i 

Occasionally  found  in  10  to  20  fathoms.  < 

Common  in  8  or  10  fathoms.  ' 

Common  in  deep  water.  In  30  fathoms  off  the  Cope- 1 
lands,  many  specimens  were  found  very  bright  is ; 
colour,  and  fresh,  but  all  inhabited  by  Paguru 

Abundant  from  low  water  to  50  fathoms. 

In  the  alluvial  deposit  and  at  various  depths.  At 
Groomsport  they  are  taken  by  means  of  baskets 
baited  with  fish  garbage,  and  sunk  in  any  convenient  j 
depth,  and  are  used  as  bait  for  taking  codfish.  They  ■ 
are  never  eaten  here  by  the  fishermen  or  poor  people. ' 
In  this  locality  they  are  called  Buckies,  as  are  also  | 
Fiuui  antiquus. 

Not  uncommon  at  various  depths. 

Common  at  various  depth,  principally  in  the  deep  water.  | 
Taken  for  bait  along  with  Bue.  undatum.  i 

A  singular  convoluted  variety  was  dredged  off  Groom- ' 
port  this  season  by  Samuel  Vance,  Esq.  No  part  of. 
the  spire  is  visible  except  the  few  solid  whorls  st ! 
the  apex.  Exhibited  at  the  Meeting  of  the  Assoc!*- 
tion,  and  since  published  in  the  Dublin  Natural  His- 
tory Review. 

Occasionally  found  in  6  to  10  fathoms  on  both  sides  of 
the  Bay. 

Rare,  off  Groomsport  and  in  the  deeper  water. 

Rare,  in  8  or  10  fathoms. 

Frequent  in  5  to  6  fathoms. 

Rare,  off  Groomsport.    (Edward  Waller,  Esq.) 

Rare,  in  10  fathoms. 

Occasionally  in  deeper  water. 

Rare,  in  shell  sand. 

Rare,  in  same. 

Rare,  in  same. 

Rare,  in  10  fathoms. 

Not  uncommon  from  low  water  to  20  fathoms. 

Frequent  at  various  depths. 

Specimens  of  this  shell  have  been  frequently  found  on 
the  shore  near  Bangor,  County  Down.  Altboogb 
not  indigenous,  its  occurrence  may  be  worth  notion?, 
as  there  is  a  tradition  that  a  ship  engaged  in  the  sliw 
trade  was  wrecked  there,  and  thus  the  Cowries  ut 
accounted  for. 
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BBAXCHIATA. 

Cylichna  cylindracea 

— —  tnmcata    

dead 
dead 
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Rare,  in  shell  sand. 

With  the  last. 

With  the  last. 

With  the  last. 

Rare,  off  Bangor,  and  in  shell  sand. 

Abundant  on  the  Zostera  banks.    Sometimes  thrown 

up  on  the  Kinnegar,  Holywood,  in  great  numbers.    I 

have  sometimes  seen  it  swimming  in  the  channel 

leading  to  the  Quays,  giving  out  a  purple  liquid  when 

touched. 
Very  rare.    A  single  specimen  from  Groomsport  many 

years  ago ;  none  since. 
Not  uncommon  of  large  size  off  Groomsport  in  6  or  8 

fathoms,  and  in  other  places. 
Occasionally  found  at  various  depths. 
Plentiful,  occasionally  in  a  few  fathoms. 
Rather  scarce,  in  8  or  10  fathoms,  off  Bangor  and 

Groomsport,  and  in  Castle  Chichester  Bay. 
Scarce,  off  Groomsport  in  6  or  8  fathoms  and  in  other 

places. 

1  obtnsa  

umbilicata 

1  Tomatella  fasciata 

Altera  bullata 

Bulla  Cranchil  

Scaphander  lignarius 

Philine  aperta    

Aplysia  hybrids 

Pleorobranchus  membra- 
naeeus. 

In  the  course  of  their  various  proceedings  in  dredging,  the  Committee 
were  aided  by  several  gentlemen  amateurs,  who  lent  their  yachts  for  the 
purpose  and  otherwise  assisted ;  and  in  the  year  1856  they  were  joined  in 
their  labours  by  Edward  Waller,  Esq.,  whose  cooperation  has  proved  of 
great  service  in  determining  species. 

In  1850  Mr.  Getty  and  Mr.  Hyndman  had  first  become  aware  of  a  deposit 
of  fine  shell  sand  in  about  27  fathoms  at  the  entrance  of  the  Bay,  which 
produced  several  rare  species  of  shells,  Propilidium  ancyloide,  Punclurclla 
Noachina,  Scissurdla  crispata,  Adeorbis  subcarinata,  Rissoa  Beanii,  Tere- 
bratuia  caput  serpentis,  and  Crania  anomala,  all  dead ;  and  in  1852  further 
research  led  to  the  discovery  of  a  great  submarine  bank  known  to  the  fisher- 
men as  "  the  Turbot  Bank, '  lying  a  short  distance  out  from  the  cliffs  called 
the  Gobbins,  on  the  coast  of  Antrim,  and  extending  from  the  Isle  of  Muck 
across  the  entrance  of  Belfast  Bay  towards  the  Copeland  Islands.  Fishing 
by  means  of  long  lines  had  formerly  been  successfully  carried  on  upon  this 
bank  within  the  recollection  of  some  of  the  fishermen,  but  has  been  given  up 
for  several  years,  as  the  fish,  from  whatever  cause,  do  not  now  frequent  the 
bank. 

This  locality  having  been  further  explored  in  1856  during  a  dredging 
excursion,  a  quantity  of  sand  was  brought  up  so  rich  in  shells  that  it  was 
thought  desirable  to  have  a  list  made  out.  With  this  view  the  sand  was 
examined  by  Mr.  Waller,  Dr.  Dickie,  and  Mr.  Hyndman.  Some  of  the  species 
more  difficult  to  determine  have  been  named  for  Mr.  Waller  by  the  kindness 
of  Joshua  Alder,  Esq. ;  such  species  are  marked  A,  including  Mangelia 
HolboUii,  an  interesting  addition  to  the  British  fauna. 

The  Turbot  Bank  lies  in  about  25  to  SO  fathoms ;  the  ridge  is  composed 
of  gravel  and  broken  shells,  more  or  less  fine,  the  finer  being  in  the  top, 
while  the  edges  towards  the  deeper  water  are  made  up  of  coarse  rolled 
pebbles  derived  from  the  rocks  of  the  adjoining  coast,  and  found  by  Messrs. 
McAdam  and  Bryce  to  consist  of  Trap,  Marl,  Greywacke,  Porphyry,  Quartz, 
Bint,  Sandstone,  and  Coal, — the  last  no  doubt  from  the  passing  vessels. 
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The  following  is  a  summary  of  the  species : — 

Acephala  lamellibranchiata   S3 

palliobranchiata    2 

Gasteropoda  prosobranchiata    97 

opisthobranchiata 11 

In  all 193 


List  of  Shells  from  the  Turbot  Bank. 
Those  marked  A.  determined  by  J.  Alder,  Esq. 


Species. 

Observations. 

Pholas  striata   

very  rare 

scarce 
frequent 
scarce 
scarce 
scarce 

rare 

rare 

rare 
scarce 
scarce 

rare 

rare 

rare 
scarce 

rare 

rare 

rare 
scarce 

rare 

rare 

scarce 

scarce 

scarce 

common 

rare 

scarce. 

common 

rare. 

common 

frequent 

scarce 

frequent 

scarce 

scarce 

scarce 

common 

scarce 
frequent 
frequent 

dead 

dead. 

dead. 

dead 

dead 

dead. 

living. 

dead. 

dead. 

dead. 

dead. 

dead. 

dead. 

dead. 

dead 

dead. 

dead. 

dead. 

dead. 

dead. 

dead. 

dead. 

dead. 

dead. 

dead 

dead 

dead 
dead 
living 
dead 

dead, 
dead, 
dead, 
dead 

dead. 

dead 

2  single  valves  only  found.  It  is  not  id- 
mitted  as  a  British  shell  by  Forbes  sad 
Hanley,  and  it  is  no  doubt  an  intto- 
duced  species  in  shipwrecked  Maho- 
gany- 

Fragments  mostly. 
Fragments  only. 

Valves  united. 

Saiicava  arctica 

rugosa 

Mya  truncata 

—  arenaria 

Corbula  nucleus. 

Sphcenia  Binghami,  A. ... 
Pandora  obtusa  *. 

Lyonsia  Norvegica 

Thracia  phaseolina 

—  pubescens 

Cochlodesma  pnetenue... 
Solecurtus  coarctatus   ... 
Psatnmobia  Ferroensis  ... 
—  tellinella   

Tellina  crassa. 

—  donadna  

—  incarnata  

tennis 4iit, 

fabaU   

—  solidula. 

1 

Syndosmya  alba.... 

1 

intermedia    .... 

■        prismatica 

Mactra  elliptica 

A  few  living,  dead  shells  common. 
Fragments  only. 

Lutraria  elliptica 

Tapes  pullastra 

-■   ■  virginea.... 

Sometimes  with  valves  united. 

aurea 

Venus  casina 

Sometimes  with  valves  united.             . 

—  striatula    

Sometimes  with  valves  united. 

—  fasciata 

Single  valves  not  uncommon. 
Occasionally  living,  single  valrea  ten 
frequent. 

—  ovata • 

Artemis  exoleta 

lincta • 

Lucinopsis  undata 

i 

Cyprina  Islandica 

From  the  smallest  size  up  to  foll-grown, 
valves  often  united. 

Living  occasionally,  single  valves  common 
Single  valves  of  small  size. 

Circe  minima 

Astarte  sulcata  

var.  Scotica 
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Species. 

Observations. 

Astarte  triangularis  

—  yar.    

very  frequent 

rare 

rare 

rare 

frequent 

not  common 

frequent 

scarce 

scarce 

not  common 

rare 

common 

scarce 

frequent 

scarce 

scarce 

common 

rare 

frequent 
rare 

frequent 

rare 

scarce 

scarce 

common 

frequent 

scarce 

scarce 
frequent 
frequent 

scarce 

not  common 

frequent 

frequent 

rare 

dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
living 

living 
dead 
dead, 
dead, 
dead, 
dead 
dead, 
dead, 
dead, 
dead, 
dead 

living, 
dead, 
dead. 

Living,  rare;  valves  united  common, 

single  valves  very  frequent. 
Like  suleaia,  there  is  a  smooth-edged  var. 

of  this.  Quaere,  is  the  difference  sexual  ? 

On  Spatangu*  purpureut. 

Small-sized  single  valves. 
On  the  edge  of  the  bank. 
Single  valves. 

Both  valves  entire,  frequent| 

Full-sized  with  valves  united  frequent. 
Single  valves  of  various  sizes  abun- 
dant. Very  rarely  alive,  and  only  small- 
sized  specimens. 

Living  specimens  have  been  taken  by 
trawling.  Fragments  sometimes  found. 

Single  valves  and  fragments  common . 

Single  valves. 

Single  valves. 

Single  valves. 

Single  valves  (Dr.  Dickie). 

Living  on  the  edge  of  the  bank.  Single 
valves  common. 

(Dr.  Dickie). 

Single  valves. 

Single  and  broken  valves. 

Small-aized  single  valves  common. 

Fragments  and  broken  shells. 

Single  valves. 

Single  valves. 

Single  valves. 

Single  valves. 

Living  in  the  deep  water,  single  valves 
not  uncommon. 

Same  as  the  last. 

Cardium  echinatum  

edole 

—  nodosum   

fasciatiim  .........  i4 

— —  Norregiciim  ...-•«t«t 

Lucina  borealis 

— —  spinifen 

—  flexuosa 

— -leucoma... 

Montacuta  substriata 

Tartonia  minuta. 
Kcllia  suborbicalaiis. 
— -rubra. 
Mvtilus  edolis   • 

,  Modiola  Modiolus 

, tulioa? 

1  Crenella  discors 

' marmorata 

decussata 

Xucula  Nucleus. ••••.*••... 

nitida    • 

Leda  caudata 

1  Area  tetragona  ••....-..... 

—  lactea ...    . 

Pectunculu*  glycimeris... 

1 

Pinna  pectinata 

Lima  Loscombii    

| subaoriculata    

'  Pecten  varius 

•  pwsio 

i  —  -  itriatus 

1  —  tigrinus 

I> Danicns  ?  r 

'  — —  similis   

maximtis 

'  Ostrea  edulis 

|  Anouia  ephipptum    

.  — —  aculeata 

1  — —  patelliformis 

! — striata  

i  Terebratula  caput  serpen- 

[tis 

Crania  anomala ..-•■ 

Chiton  asellus    

Patella  vulgata  

— —  pellucida  

Acmsea  virginea... 

dead. 

dead    Dr.  Dickie. 

Pilidium  furvum    
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Species. 

Observations.                   : 

Propilidium  ancyloide  ... 
Dentalium  entalis •• 

frequent 

frequent 
scarce 

rare 

rare 
common 

rare 
frequent 
abundant 

frequent 

frequent 

not  common 

scarce 

frequent 

scarce 

very  rare 

not  common 

not  common 

scarce 

scarce 

very  frequent 

scarce 

rare 

rare 

rare 

rare 

abundant 

scarce 

scarce 

common 

frequent 

scarce 

scarce 

scarce 

scarce 

scarce 

scarce 

frequent 

rare. 

frequent 

rare 

scarce 

frequent 

scarce 

very  rare 

rare 

rare 

very  rare 

very  rare 

rare 

rare 

frequent 

scarce 

rare 

rare 

rare 

dead 

dead, 
dead 
dead, 
dead, 
dead, 
dead, 
dead, 
dead. 

dead, 
dead, 
dead, 
dead. 

dead, 
dead, 
dead 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead. 

In  the  fine  shell  sand  taken  in  1850 
merous.    Scarce  ever  since. 

Of  small  size  only. 
Dr.  Dickie,  doubtful. 

In  the  fine  shell  sand  only. 
Determined  also  by  Mr.  Hanley. 

A  single  specimen  by  Mr.  Waller. 

BB-, 

Pileopsis  Hungaricus 

Fissurella  reticulata  

Puncturella  Ncachina  . . . 
E margin ula  reticulata  ... 
—  crassa    • 

Trochus  zizyphinus    

-^—  millesrranus  •.••••*•> 

■i      exiguus 

— —  Montagui 

— —  tnmidus.  ......... 

cinerarius 

.  uznbilicatus  

—  magus. 

helicinus. 

Phasianella  Pullus 

Adeorbis  subcarinata 

Scissurella  crispata   ...... 

Li  ttorina  littorea  

— —  littoralis 

Lacuna  pallidula    

— —  Puteolus  

.    ■  ■  vincta   

— —  crasaior 

Rissoa  striatula 

Zetlandica,  A 

.    ■     crenulata,  A 

Calathus,  A 

.    ■     Beanii,  A 

— —  puncture,  A.......... 

costata 

— —  striata  

— —  parva,  A 

■  interrupta 

i 

labiosa  

i 

inconspicua,  A 

— —  semistriata    

I 
1 

■■  Cingillus  

i 

— —  proxima 

■   ■     ulvae 

Skenea  planorbis  

j 

Turritella  communis 

Caecum  glabruni    •• • 

Aporhais  pes  pelecani    ... 
Cerithium  reticulatum  ... 
— —  adversum 

Metula 

Scalaria  communis    

■         clathratula    •• 

Aclis  supranitida 

— —  unica.. 

Eulima  polita • 

distorta,  var.  gracilis 

— —  bilineata    

Chemnitzia  elegantissima 

fulvocincta,  A 

■    .     rufcscens,  A 

indistincta,  A 

Odostomia  conspicua,  A... 
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Species. 

Observations. 

Odostomia  unidentata  ... 
acuta,  A 

frequent 

scarce 

rare 

scarce 

scarce 

scarce 

rare 

not  common 

scarce 

scarce 

rare 

frequent 

frequent 

frequent 

frequent 

frequent 

scarce 

scarce 

rare 
rare 

frequent 

very  rare 

very  rare 

rare 

scarce 

scarce 

scarce 

very  rare 

rare 

scarce 

rare 

dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead, 
dead 
dead 
dead 
dead, 
dead, 
dead, 
dead, 
dead. 

dead 
dead 

dead, 
dead 
dead 
dead, 
dead, 
dead, 
dead, 
dead 
dead, 
dead, 
dead. 

(Dr.  Dickie.) 
Fry  very  common. 
Very  common. 

Fragments. 

This  rare  shell,  new  to  the  British  list, 
was  first   discovered   in  shell  sand 
dredged  up  in  1856.    It  was  distin- 
guished at  once  by  both  Mr.  Waller 
and  Mr.  Hyndman  as  differing  from 
any  species  described  by  Forbes  and 
Hanley,  and  was  determined  by  Mr. 
Alder. 

A  single  specimen  (Mr.  Waller). 
Ditto                         (ditto). 

A  single  specimen  each  to  Dr.  Dickie  and 
6.  C.  H. 

euUmoides,  A.  

plicata,  A. 

interstincta,  A 

— —  spiralis,  A 

Natica  nitida 

— —  monilifera 

— —  Montagui 

Velutioa  laevigata 

Trichotropis  borealis 

Cerithiopsis  tubercularis.. 
Murex  erinacens    

Purpura  lapillus 

Ksssa  reticulata 

!  — -  incrasaata 

j  —  pygmsea? 

,  Baccionm  undatum  

,  Finns  Islandicus    

— —  antiquus    

Trophon  clathratus,  A. ... 
muricatuSj  A 

Banricensis,  A 

Maogelia  turricula,  A.  ... 
1  — —  rufa,  A. 

septangularia, 

teres 

linearis,  A. 

nebula. 

striolata. 

costata,  A. 

HolboIlii,A 

1 
1 

Cypnea Europsea  ......... 

Ofulapatula 

— —  4cnminata......TTi... 

Cylichna  cylindracea 

—  truncata 

" — *obtusa  

Tornatella  fasciata 

■  Bulla  Cranchii  

Scaphander  ltgnarius 

Philine  aperta    

— ^scabra  

It  will  be  seen  from  the  foregoing  list  tbat  with  few  exceptions  the  shells 
are  dead  and  many  of  them  inhabitants  of  deep  water ;  it  therefore  became 
an  object  of  interest  to  discover  the  locality  from  whence  they  were  derived, 
and  this  may  now  be  considered  to  be  ascertained.  In  Admiral  Beechey's 
Hydrographic  Survey  there  is  indicated  a  deep  recess  in  the  Channel  not 
far  distant  from  an  extensive  ridge  of  rocks  lying  off  the  entrance  to  Lame 
Lough,  on  which  the  two  Maidens  Lighthouses  are  erected.  Here  in  a 
limited  area  is  a  depth  of  from  80  to  100  fathoms;  but  it  is  difficult  for 
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dredging  operations,  owing  to  the  strong  current  of  the  tides  and  the  eddios 
formed  by  the  sunken  rocks.  After  several  unsuccessful  attempts  to  reach 
this  region  by  Mr.  Getty  and  Mr.  Hyndman,  the  latter  was  at  length,  in 
1856,  enabled  to  accomplish  his  object  through  the  kind  assistance  of  Captain 
Hoskyn,  R.N.,  then  engaged  in  completing  the  Survey,  and  who  brought  to 
the  task  the  experience  gained  under  the  late  Captain  Graves,  R.N.,  while 
dredging  in  the  JEge&n.  A  few  hauls  of  the  dredge  produced  Terebratula  caput 
serpentis  and  Propilidium  ancyloxde  alive,  besides  some  rare  Crustacea  and 
Zoophytes.  In  1857  a  steamer  was  engaged,  and  a  day  spent  in  further 
explorations,  the  result  of  which  is  now  given ;  but  it  is  evident  that  further 
investigation  in  this  locality  is  desirable  and  likely  to  repay  the  labour. 

List  of  Species  taken  in  deep  water,  70  to  100  fathoms,  off  the 
Maidens  Lighthouses,  1856  and  1857* 


Species. 

Observations.                          j 

Scaphander  lignariua 

dead 
dead, 
dead, 
dead, 
living 
dead, 
living 
living 
dead, 
living 
dead, 
dead, 
living 
living 
living 
dead, 
dead, 
dead, 
dead, 
living 
living 
living 
living 
dead, 
living 
dead, 
living 
dead, 
living 
living 
dead, 
living 
living 
living 
dead 
dead, 
living 
living 
dead, 
living 
living 
dead. 

A  single  broken  specimen. 

Small  sized,  70  to  100  fathoms. 

Small  sized,  70  to  100  fathoms. 

90  fathoms,  several  dead  with  Paguri. 

90  fathoms. 

100  fathoms. 
100  fathoms. 
100  fathoms. 

100  fathoms. 
70  fathoms. 
70  to  100  fathoms. 
70  to  90  fathoms. 

70  fathoms. 

75  fathoms,  very  fine. 

75  fathoms. 

90  fathoms,  small  size. 

90  fathoms. 

In  Ascidia  men  tula,  75  fathoms. 

90  fathoms. 

Valves  united,  75  fathoms. 

70  to  90  fathoms. 
70  to  90  fathoms. 

70  fathoms. 
70  fathoms. 

Cypraea  Europaea  

Trophon  muricatus   

— —  clathratus 

Fusus  antiqimft  „„.,„„„... 

i 

— —  Jglftndic11* -Tt.,T... 

Buccinum  undatum  

Nassa  incrassata * 

Trichotropis  borealis 

Velutina  laevigata 

Natica  Montagui   

— —  nitida 

Trochus  millegranus 

'  ■    ■■  zizyphinus ...... 

— ..  ■  tumidus.. 

E margin tila  crassa..... 

—  reticulata 

Pileopsis  Hungaricui 

Dentalium  entalis 

Propilidium  ancyloide  

Chiton  asellu8    

Terebratula  caput  serpentis 
Crania  anomala    ,••.... 

Anoraia  striata 

-  ephippium 

Pecten  opercularis 

■  tigrinua , ,„., 

— .  Pusio 

Lima  Loscombii • 

i 

Pectunculus  glycimeris 

Nucula  Nucleus.. 

i 

I 

Leda  caudata 

, 

Crenella  marmorata  

Modiola  Modiolus 

— —  tulipa 

Cardium  pygmaeum  •• 

Aitarte  sulcata  

var.  Scotica 

Circe  minima 

Venus  ovata 

— —  casina    • 

Syndosmya  alba 

1 

l 
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Saiicava  arctic* 

Ascidia  mentula 

Verruca  Stromia    

Balanus  porcatus  (Scoticus) 

crenatus    

Hyts  coarctatus 

Ebalia  Pennantii    , 

Mnnida  Rondeletii    

Pagunu  Thompsoni  ?   ... 

lavis , 

Hyndmanni  , 

ScrpuU  triquetra  

Amphidotas  roseus    , 

Spatangos  parpureus 

Echinocyamus  pusillus  .. 

Echinus  sphcra 

SoUster  papposa   

Ophiocoma  bellis  

rosnla    

Comatola  rosacea 

Cyathina  Smithii  


Observations. 


living  75  fathoms,  at  roots  of  SerhUaria. 

living  75  fathoms. 

living  '90  fathoms. 

dead. 

living  75  fathoms, 

living  70  fathoms,  small  sized. 

living  90  fathoms. 

living  90  fathoms. 

living  90  fathoms. 

living  90  fathoms. 

living  90  fathoms. 

dead. 

living  90  fathoms. 

living  90  fathoms,  very  small  sized. 

living  90  fathoms. 

living  90  fathoms. 

living  1100  fathoms,  very  small  size. 

living  70  fathoms. 

living  175  fathoms. 

living  75  to  100  fathoms. 

living  175  fathoms. 


Several  Zoophytes  taken  with  the  foregoing  have  yet  to  be  fully  examined, 
for  which  purpose  they  are  in  the  hands  of  Professor  Wyville  Thomson,  who 
has  observed  among  them  a  new  form  of  Sertularia, 

Zoophytes  received  from  the  North  of  Ireland. 

By  Professor  Wyville  Thomson,  Queen's  College,  Belfast. 

ZOOPHYTA  HYDROIDA. 

TUBULARINA. 

Fam.  1.  Corynidce. 
Clava  (Gmelin). 
C.  mukicornis,  Font.  Very  common  on  seaweed  between  tide-marks. 
Belfast  Bay,  Strangford  Lough,  &c.  Constantly  dioecious.  The  males  dis- 
tinguished from  the  females  by  the  lighter  and  brighter  colour  of  the  repro- 
ductive organs.  In  this  species  the  Medusoid  zooid  is  not  developed.  A 
very  variable  species. 

Hydractinia. 
H.  echinata,  Flem.  sp.     Common  on  old  shells,  usually  associated  with  a 
Pagurus. 

CoRYNE. 

C.pusilla,  Gaut.  Abundant  on  seaweed  between  tide  marks  and  on 
Zoophytes  in  the  Coralline  zone. 

EUDENDRIUM. 

E.  rameum,  Pall.  Frequent  in  Belfast  Lough.  A  specimen  dredged  off 
the  Gobbins.    Mr.  Hyndman. 

E.  ramosum,  Ellis.  Frequent  in  Belfast  Lough*.  Off  Crawfordsburn,  male 
and  female.  In  this  species  both  male  and  female  individuals  developed 
Medusoid  zooids.  These  zooids  sometimes  become  early  disengaged,  and 
sometimes  remain  attached  until  the  male  and  female  generative  products 
are  fully  matured. 

I  have  met  with  one  or  two  other  small  species  of  this  genus,  but  have  not 
had  an  opportunity  of  examining  them  fully. 
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TlJBULARIA. 

71  indivisa,  L.     In  deep  water.    Common. 

T.  Dumertieri.     On  Flustra  truncata.     Belfast  Bay. 

T.  Larynx.    "  Belfast  and  Strangford  Loughs." —  Wnu  Thompson. 

Sertulariada. 
TnoA. 
T.  halecina,  L.    Common.    Belfast  Bay,  && 

T.  Beanii,  Johnst.  Common.  Belfast  Bay,  &c.  &c.  In  the  male  the 
aperture  of  the  vesicle  is  placed  at  or  near  the  apex ;  in  the  female  near  the 
centre  of  the  capsule. 

T.  muricata,  Ellis.  A  specimen  in  the  late  Win.  Thompson's  Collection, 
marked  "  Newcastle,  Co.  Down." 

SfiRTULARIA. 

S.  polyzoniasy  L.    Common. 

S.  rugosa.    Common. 

S.  rosacea*    Not  very  common.    Belfast  Lough. 

S. .    Allied  to  rosacea.    Dredged  off  Bangor,  Co.  Down. 

S. .     Allied  to  rosacea.     A  specimen  dredged  by  Mr.  Hyndman  off 

the  Gobbins,  Co.  Antrim.  A  specimen  procured  previously  by  myself  in 
Lamlash  Bay,  Arran. 

S.  pumila.  Very  common.  In  some  cases,  at  all  events,  the  testes  of 
this  species,  developing  parent-cells  and  spermatozoa,  are  thrown  oat  in  & 
gelatinous  envelope  from  the  mouth  of  the  capsule ;  and  the  female  organs 
forming  ova  without  intermediate  "  zooids,"  are  retained  within  the  ovarian 
vesicle  till  mature. 

S.  Pinaster.    Frequent  in  Belfast  Bay,  &c. 

S.  Tamarisca,  L.    Belfast  Bay,  &c 

S.  abietinay  L.    Common. 

S.Jtliculay  Ellis.    Rare.    In  the  late  Wm.  Thompson's  Collection. 

S.  operculata,  L.     Common. 

S.  argentea,  Ellis.     Common. 

S.  cupressina,  L.    Magilligan  Strand.    (Templeton.) 

Thuiaria. 
T.  Thuia,  L.    North  Coast  of  Ireland.    (Wm.  Thompson.) 
T.  articulata,  Pall.    Belfast  Lough,  Coast  of  Co.  Down. 

Antbnnularia. 
A.  antennina,  L.    Common. 
A.  ramosa,  L.    Common. 

Plumularia. 

P.falcata,  L.    Common. 

P.  cristaUiy  Lam.  On  Hatidrys  siliquosa.  N.  Coast  of  Ireland.  (Wm. 
Thompson.) 

P.pinnata,  L.    Frequent. 

P.  setacea,  Ellis.     Frequent. 

P.  Catharine,  Johnst    Belfast  Bay. 

P.  myrxophyllum,  L.    White  Head  near  Carrickfergus.     M'Calla. 

P.  frutescens,  Ellis.  A  specimen  dredged  off  the  Gobbins  by  Mr. 
Hyndman. 
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Campanulariada. 

Laomedea. 
L.  dickotoma,  L.    Common. 
L.  geniculate,  L.     Very  common. 
L.  gelatinosa,  Pall.    Common. 
L.  Flemingii,  Milne-Edwards.    Common. 
L.  lacerate,  Johnst.    Deep  water. 

Campanula  ri  a. 
C.  volubilis,  Ellis.     Common. 
C.  Johnstoniy  Alder.    Common. 
C.  Bincksii,  Alder.    In  deep  water.    Common. 
C.  verticillate,  L.     Not  common.    Belfast  Bay. 
C.  f  f  dumasa,  Flera.    Very  common. 
Coppinia  arete,  Dalyell,  sp.    On  Plumularia  falcate. 
Balia  reticulata,  Wy.  T.     On  Sertularia  abietina.    Common. 

The  following  Polyzoa,  from  the  deep  water  near  the  Maidens  Rocks, 
bare  been  determined  by  the  Rev.  Thomas  Hincks: — 


Tubnlipora  hispida. 
— —  serpens. 
Cellepora  pumicosa. 
— —  Skenii. 
Hippothoa  catenularia. 
— -  divaricata. 
Flustra  foliacea. 
Membranipora  Flemingii. 

■ •  coriacea. 

Lepralia  Malasii. 

Hyndmanni. 

simplex. 


Lepralia  reticulata, 
-fissa. 

-  ciliata. 

-  labrosa. 

-  annulata. 

-  innominata. 

-  auriculata. 

-  Brogniartii. 
•  linearis. 

-  coccinea. 

-  pertusa. 

-  spinifera. 


Foraminifera.    Belfast  Bay. 

Professor  Williamson  having  expressed  a  wish  to  be  supplied  with  some 
of  the  sand  dredged  up  from  different  depths  and  localities  in  order  to  ascer- 
tain the  Foraminifera  of  the  district,  a  quantity  was  accordingly  forwarded 
to  him ;  and  the  following  list  has  been  obligingly  furnished  of  the  different 
forms  obtained  by  him  from  the  sand,  which  he  pronounces  not  rich  in  these 
orgauisms : — 


Lagena  vulgaris. 

• var.  clavata. 

var.  perlucida. 

var.  striata. 

Entosolenia  marginata,  young. 

squamosa. 

Polystouiella  crispa. 

umbilicatula. 

Rotalina  Beccarii. 

globularis. 

Globigerina  bulloides. 
Planorbulina  vulgaris. 


Truncatulina  lobatula. 
Bulimina  pupoides,  var.  fusiform  is. 
Polymorphina  lactea. 
Teztularia  cuneiformis. 
Biloculina  bulloides. 
—  var.  carinata. 

var.  Patagonica. 

Spiroloculina  concentrica. 
Miliolina  seminulum. 

var.  oblongum. 

bicornis,  var.  angulata. 

Spirillina  foliacea,  young. 


The  Belfast  Dredging  Committee  for  1858,  are  Professor  Dickie,  Profes- 
»or  Wy ville  Thomson,  Mr.  Patterson!  and  Mr.  Hyndmau. 
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On  the  Mechanical  Effect  of  combining  Girders  and  Suspension  Chains, 
and  a  comparison  of  the  weight  of  Metal  in  Ordinary  and  Suspension 
Girders,  to  produce  equal  deflections  with  a  given  load.  By  Peter 
W.  Barlow,  F.R.S. 

My  attention  has  been  recently  directed  to  this  subject  from  having  been 
required  to  investigate,  as  engineer  of  the  Londonderry  and  EnniskiUen,  and 
Londonderry  and  Coleraine  Railways,  the  best  mode  of  effecting  a  junction 
between  the  lines  at  Londonderry,  to  be  combined  with  an  improved  road 
communication,  for  which  an  Act  has  been  obtained  by  the  Corporation  of 
the  city  ;  and  the  Commissioners  having  determined  to  advertise  for  plan?, 
leaving  the  decision  to  Sir  William  Cubitt,  an  engineer  justly  occupying  a 
position  so  eminent,  and  in  whose  judgment  I  had  the  greatest  confidence,  I 
determined  to  submit  the  result  of  my  investigation  to  him,  although  the 
principle  which  I  concluded  would  best  meet  all  the  circumstances  of  the 
case,  viz.  the  suspension  girder,  was  one  with  reference  to  which  consi- 
derable prejudice  had  existed. 

Sir  William  Cubitt,  after  devoting  much  attention  to  the  subject,  has  fully 
sanctioned  the  principle,  and  recommended  the  Bridge  Commissioners  to 
carry  out  my  design,  with  some  modifications  suggested  by  him. 

In  order  to  verify  my  calculations,  I  have  caused  a  series  of  experiments 
to  be  made,  the  results  of  which  are  of  so  much  practical  importance,  and  .«o 
fully  confirm  my  investigations,  that  I  determined  to  lay  them  before  the 
British  Association,  in  order  that  the  simple  question  of  the  mechanical  effects 
of  combining  a  girder  with  a  suspension  chain,  on  which  no  difference  of 
opinion  ought  to  exist,  should  be  fully  decided ;  but  before  describing  these 
experiments  I  will  make  a  few  general  remarks  upon  the  systems  which  bare 
been  adopted  in  bridge  constructions. 

General  remarks  upon  the  construction  of  Bridges  of  large  span* — Bridgi* 
may  be  divided  into  three  classes : — 

1st.  The  Arch,  a  structure  in  which  the  supporting  material  is  subjected  to 
compression  alone,  but  which  contains  no  rigidity  in  itself. 

2nd.  The  Suspension  Bridge,  in  which  the  supporting  material  is  sub- 
jected to  extension  alone,  which  also  contains  no  rigidity  in  itself;  and 

3rd.  The  Girder,  in  which  the  material  is  subjected  to  both  extension  and 
compression,  of  which  there  are  two  varieties ;  one,  which  is  subjected  to 
diagonal  strains,  as  the  lattice,  Warren,  and  tubular  girders ;  and  a  second, 
in  which  all  the  strains  are  confined  to  the  upper  and  lower  webs,  as  in  the 
bow  and  string ;  and  Mr.  Brunei's  new  girder,  which  is  a  combination  of 
an  arch  and  a  suspension  chain,  each  doing  half  the  supporting  duty. 

This  second  variety  is  the  most  simple  form,  but  has  no  more  rigidity  in 
itself  than  an  ordinary  arch  or  suspension  bridge. 

Of  these  three  systems,  the  girder  necessarily  requires,  from  combining 
compressive  and  extensive  resistances,  a  much  larger  amount  of  metal  than 
either  of  the  other  systems,  which  will  be  rendered  evident  by  a  simple  inves- 
tigation, and  by  reference  to  existing  structures. 

In  an  ordinary  arch  the  compressive  force  is  resisted  by  the  abutments, 
which  in  no  way  add  weight  or  strain  to  the  metal ;  but  if  the  arch  is  converted 
into  a  girder,  it  can  only  be  done  by  adding  a  tie-bar,  the  arch  having  then 
to  support  its  own  tie  or  substitute  for  an  abutment,  in  addition  to  its  own 
weight. 

In  a  suspension  bridge  the  tensile  force  is  resisted  by  back  chains,  and 
if  these  are  taken  away  to  make  it  a  girder,  a  compression-tube  or  bar  has  to 
be  used  as  a  substitute  for  them  (as  in  the  Chepstow  bridge),  which  tube 
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becomes  in  large  spans,  with  its  support*,  by  far  the  largest  portion  of  the 
structure,  and  destroys  the  bridge  by  its  own  weight,  the  weight  of  metal 
being  fully  doubled  to  produce  equal  strength,  and  quadrupled  to  produce 
equal  stiffness,  if  loaded  equally  all  over. 

The  great  difference  in  weight  produced  by  this  and  other  causes  will  be 
seen  by  comparing  suspension  girder  bridges  with  ordinary  girder  bridges ; 
and  I  will  take  as  an  example  the  case  of  the  two  largest  railway  openings 
yet  constructed,  the  Niagara  suspension  girder  bridge,  and  compare  its  weight 
of  metal  with  that  of  the  Britannia  Tube. 

The  quantity  of  material  in  the  Niagara  Bridge,  having  a  roadway  and  a 
single  railway  of  three  gauges  in  a  span  of  820  feet,  is  in  round  numbers 
1000  tons,  and  the  weight  in  the  Britannia  Tube  of  460  feet  span  S000  tons 
for  a  double  line. 

If  the  Britannia  Tube  had  been  made  on  the  same  principle  as  the  Niagara 
Bridge,  the  quantity  of  material  to  give  the  same  strength  and  rigidity  would 
not  have  exceeded  ^th  part  of  what  has  actually  been  employed. 

So  great  a  difference  in  the  weight  renders  it  obvious  that  the  principle  of 
tn  ordinary  girder  involves  great  extra  material,  and4t  became  an  interesting 
and  important  inquiry  to  ascertain  the  cause  of  this  difference. 

The  view  that  has  hitherto  been  generally  adopted  on  this  subject,  is  that 
advanced  by  Mr.  £.  Clark  in  his  work  on  the  Britannia  Tube,  in  which  he 
states,  speaking  of  the  proposal  to  use  the  Menai  suspension  bridge  for 
railway  purposes, — "With  respect  to  the  use  of  the  present  suspension  bridge 
for  the  proposed  traffic,  it  was  found  difficult  to  devise  any  means  of  suffi- 
ciently strengthening  it  that  did  not  involve  an  almost  entire  reconstruction, 
and  great  difficulty  was  similarly  found  in  attempting  to  render  any  suspension 
bridge  sufficiently  rigid  for  railway  traffic,  by  means  of  ordinary  trussing. 

"  When  the  passing  load  is  small  compared  to  the  weight  of  the  chains  and 
of  the  structure  itself,  there  is  indeed  no  difficulty ;  but  the  construction  of  a 
platform  450  feet  long,  sufficiently  rigid  for  railway  traffic,  almost  amounts 
to  the  construction  of  the  tube  itself." 

Although  unsupported  by  fact  or  experiment,  this  theory  has  been  received 
and  acted  upon,  not  only  by  a  large  portion  of  the  public,  whose  impressions 
of  suspension  bridges  are  derived  from  what  bad  hitherto  been  constructed 
of  insufficient  strength,  and  without  being  combined  with  a  girder,  but  it  has 
been  received  and  acted  upon  by  engineers  of  eminence  in  this  country. 

These  experiments,  however,  distinctly  prove  that  a  suspended  girder,  as 
designed  for  the  Londonderry  Bridge,  is  rendered  equally  rigid  with  less  than 
^th  of  the  metal  required  in  the  girder  alone,  so  that  the  most  important 
economy  arises  from  the  combination  of  a  girder  with  a  chain. 

Experiments  an  Suspension  Girders. — I  have  had  the  model  accurately 
made,  which  is  now  submitted  to  the  meeting,  on  a  scale  of  ^rd  part  of  the 
actual  span,  the  length  being  13'  6"  between  the  bearings, — a  length  exceed- 
ing that  of  the  average  of  the  models  used  by  the  Iron  Commissioners  in  their 
experiments,  and  is  amply  sufficient,  due  allowance  being  made  for  the  scale, 
to  determine  with  accuracy  the  deflections  on  the  actual  girder,  although  the 
deflections  of  the  chains  will  be  somewhat  more  on  the  model  than  on  the 
girder,  from  the  weight  not  being  sufficient  to  bring  the  surfaces  into  perfect 
contact. 

The  principal  object  of  the  experiments  was  to  ascertain  the  deflection  of 
the  wave  of  a  girder  attached  to  a  chain,  as  compared  with  the  deflection  of 
the  same  girder  detached. 

This  being  obtained,  it  was  perfectly  easy  to  arrive  at  the  deflection  of  the 
wave  of  the  Londonderry  Bridge,  because  we  have  sufficient  experiments  on 
girders  to  enable  a  calculation  to  be  made  of  what  the  Londonderry  girder 
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would  deflect  without  the  chain,  which  being  obtained  and  reduced  in  the 
ratio  of  the  girder  attached  to  the  girder  detached,  gave  the  true  deflection. 

My  first  intention  was  to  make  the  experiments  with  a  girder  which  was  a 
correct  model  of  the  actual  bridge,  which  would  have  indicated  ^rd  of  the 
actual  deflection,  but  I  found  the  deflection  of  the  wave  to  be  so  small  that 
it  was  difficult  to  measure  it  with  sufficient  accuracy,  and  I  therefore  had  a 
wooden  box  made  of  the  correct  depth,  with  the  sides  as  thin  as  it  would  stand, 
viz.  £  deal  plank,  in  order  to  obtain  greater  deflection  of  the  wave,  with  the 
correct  depth  of  the  girder,  and  with  the  chain  attached  to  it  as  in  the  pro- 
posed bridge. 

I  could  no  longer  obtain  the  actual  deflection  of  the  Londonderry  Bridge 
by  multiplying  the  experimental  deflections  by  S3,  but  knowing  that  the  de- 
flection of  a  model  on  the  correct  scale  would  be  ^rd  of  the  Londonderry 
girder,  and  knowing  by  experiment  how  much  the  model  was  deflected  whea 
unattached,  the  actual  deflection  of  the  Londonderry  girder  is  obtained  bj 
reducing  the  observed  experimental  deflection  in  the  ratio  of  the  rigidity  of 
the  actual  model  to  a  true  model,  and  then  multiplying  by  33. 

The  deflections  of  this  girder,  taken  without  the  chains  attached,  with  a 
weight  of  1 68  lbs.  on  the  centre,  was  *75  of  an  inch  ;  with  the  chain  attached, 
and  with  the  weight  placed  -J-  from  the  high  tower,  it  was  as  follows :— 


lbs. 

£  from  High  Tower. 

Centre. 

i  from  Low  Tower. 

in. 

in. 

in. 

56 

•030 

•010 

■010 

112 

•060 

•040 

•010 

168 

•075 

•040 

•010 

Experiment 

2. 

56 

•030 

•020 

•000 

112 

•050 

•040 

•005 

168 

•  •075 

•050 

•005 

The  ratio  of  the  deflection  of  the  wave  at  £th  the  distance,  where  the 
greatest  amount  arises  when  the  chain  is  attached,  V>  that  in  the  middle 
when  not  attached,  is  as  1  to  10  only;  but  it  was  evident  from  the  large 
deflection  at  the  centre  and  from  no  rise  occurring  at  the  opposite  end,  that 
the  girder  was  too  rigid  to  indicate  the  wave,  and  that  the  deflection  observed 
was  greatly  due  to  the  chain  not  coming  to  its  bearing. 

I  therefore  decided,  in  order  to  magnify  the  wave  and  make  its  amount 
more  distinct,  to  have  a  girder  made  of  angle-iron  £  inch  thick  and  a  quarter 
the  depth  of  the  former  girder,  but  simply  suspended  from  and  not  attached 
to  the  chain. 

The  deflection  of  this  girder  without  the  chains,  with  a  load  of  42  lbs. 
placed  on  the  centre,  was  1*2  inch. 

The  deflections  of  the  wave  with  the  chain  attached,  and  227  lbs.  distributed 
over  the  girder  when  the  weights  were  placed  at  \  from  the  high  tower, 
were  with — 

lbs.  4  from  High  Tower. 

in. 
56  —10 

112  —-20 

168  --28 

Experiment  2. — In  this  case  the  weights  were  placed  |  from  the  low  tower. 
56  +-06  —-01  —-12 

112  +-15  —-05  —-25 

168  +-18  —-07  —-36 

The  deflections  here  averaged  *32  inch  with  168  lbs.,  equal  to  *08  inch  with 
42  lbs.!  or  T^th  the  deflection  of  the  girder  without  the  chain. 


Centre. 

4  from  Low  Tower. 

in. 

in. 

-•01 

+•05 

—•04 

+•12 

-•06 

+•16 
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The  deflection  of  the  Londonderry  girder,  deduced  from  the  mean  results 
of  the  deflections  of  the  Boyne  Viaduct  and  Newark  Bridge  and  the  Britannia 
Tube  (see  Appendix  A),  was  33  inches  with  100  tons  in  the  centre,  |f =2*20 
inches,  the  deflection  here  indicated  in  the  Londonderry  Bridge  with  100 
tons  placed  at  a  quarter  the  length  of  the  girder. 

It  was  still  obvious  from  the  deflection  at  the  centre  and  little  rise  exhi- 
bited iu  the  wave,  that  the  stretching  of  the  chain  to  bring  the  metal  surfaces 
to  bear,  still  sensibly  influenced  the  result,  and  I  had  another  wooden  girder 
made,  consisting  of  a  plank  7-y  inches  in  width  and  J th  of  an  inch  thick,  in 
order  still  more  to  magnify  the  wave,  and  to  diminish  the  error  from  the 
stretching  of  the  chain. 

The  deflection  without  the  chain  attached  was  1*48  inch  with  10  lbs. 

Experbnents  with  the  Chain  attached.— With  56  lbs.  placed  at  |  from  the 
high  tower  on  the  girder  which  was  previously  quite  unloaded,  the  deflec- 
tions were  i 


£  from          x  from         |  from         A  from         f  from  f  from  I  from 

H.T.            II.  T.           H.T.           H.T.           H.  T.            H.  T.  H.  T. 

-•31         —-48         —-32        —-02         +-22  +-29  +-15 

Experiment  2. — 70  lbs.  being  equally  distributed  over  the  girder,  and 
56  lbs.  at  \  from  high  tower— 

-•28         —-42        —-25         +04         +-23  +-28  +-20 
Experiment  S. — 150  lbs.  all  over  weight  in  same  place — 

-•20         —-35         —-20         +-02         +'20         +-23  +  *14 

Experiment  4. — 193  lbs.  equally  distributed,  56  lbs.  as  before — 
-•18         —-31         --17         +'05         +-18         +-20         +-14 

The  deflection  here  indicated  with  the  model  loaded  with  a  weight  repre- 
senting 96  tons  on  the  bridge  (which  experiment  was  several  times  repeated), 
was  *31  with  56  lbs. ='055  with  10  lbs.,  or  ^th  of  the  deflection  of  the  girder 
without  the  chain ;  f  |=1*27  is  therefore  the  deflection  of  the  wave  indicated 
by  the  experiment  of  the  Londonderry  Bridge,  with  a  load  of  100  tons  at  j 
from  the  tower. 

To  obtain  the  comparative  rigidity  of  the  experimental  girder,  we  have 
here  as— 

206 lbs. :  lOlbs. ::  I  in. :  "0485,  the  deflection  of  a  true  model  with  10  lbs.; 

•0485  or  30^5  represents  the  rigidity  of  the  experimental  girder;  3^ x3S= 

'335,  the  deflection  by  a  weight  on  the  bridge  of  56  X  S32 =27  tons. 

27  :  100  : ;  *3S5  :  1*27,  the  deflection  as  previously  calculated. 

This  result  being  so  much  at  variance  with  the  general  view  of  the  subject, 
although  very  nearly  in  accordance  with  my  calculations,  I  determined  to 
verify  it  by  a  smaller  girder,  6  inches  by  |ths  of  an  inch  thick,  which  would 
render  the  wave  still  more  visible,  the  observations  being  made  with  great 
nicety. 

The  deflection  at  the  centre  when  not  attached  to  the  chain  was  2*375 
inches  with  8  lbs. 

Girder  attached  to  the  chaius,  193  lbs.  being  equally  distributed  over  it. 
The  deflection,  with  the  weight  placed  £  from  the  high  tower,  was — 
lbs.  £fromH.  T.  Centre.  £fromL.T. 

55  _-64,  +-13  +-53 

Experiment  2. — With  56  lbs  at  the  centre  of  the  bridge  the  deflection  was 
-•SO. 

The  deflection  of  the  wave  here  exhibited  at  |th  of  the  length  with  the 
bridge  loaded  to  a  weight  equivalent  to  100  tons  on  the  actual  bridge,  which 

1857.  R 
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experiment  was  repeated  several  times  with  the  same  result,  was  064-  inch 
with  56  lbs.,  the  deflection  without  the  chains  being  2*875  with  8  lbs.,  or  25 
times  the  amount. 

In  determining  how  far  this  result  was  effected  by  the  resistance  produced 
by  the  change  of  figure  in  the  curve  of  the  chain,  I  removed  all  the  weights 
from  the  plank,  and  found  the  result  as  follows,  with  56  lbs.  at  \  from  the 
high  tower : — 

4  from  H.  T.  Centre.  \  from  L.  f  . 

-•85  +-20  +-75 

With  56  lbs.  placed  \  from  low  tower — 

+•81  +-12  -86 

From  this  experiment  it  appears  that  the  deflection  is  decreased  by  loading 
the  bridge  to  ^th  of  that  of  the  girder  unattached,  and  if  the  chaia  were 
without  weight  it  would  be  still  further  reduced  ;  in  practice,  however,  the 
weight  on  the  bridge  will  much  exceed  that  on  a  model,  and  ^th  will  be  the 
least  amount  that  will  arise,  a  result  so  at  variance  with  the  preconceived 
notions  of  many  engineers,  that  it  is  to  be  expected  in  some  instances  it 
will  be  received  with  incredulity ;  but  an  investigation  will  show  that  the 

Pw 
result  is  in  accordance  with  the  law  &^=a  constant  quantity. 

If  the  girder  were  supported  only  in  the  middle,  the  deflection  of  the  half 
girder  would  be  |th,  but  as  one  half  of  the  girder  cannot  deflect  without  the 
other  half  rising,  from  the  action  of  the  chain,  it  is  reduced  to  Ath ;  but  the 
girder  is  not  supported  at  one  point  only,  but  at  various  points,  which  till 
still  further  reduce  the  deflection. 

However,  whether  this  view  is  precisely  the  correct  one  or  not,  the  fat  is 
established,  that  the  deflection  of  the  wave  of  a  girder  attached  to  the  chain 
and  loaded  as  in  the  actual  bridge,  will  not  exceed  ^th  of  the  same  girder 
without  the  chain,  from  which  we  may  estimate  the  weight  of  girder  sufficient 
to  produce  in  a  suspension  bridge  or  arch  the  requisite  rigidity. 

In  order  to  show  the  importance  of  this  result  in  the  cost  of  bridges,  I  will 
compare  the  deflection  and  weight  of  metal  in  a  bridge  similar  to  the  Lon- 
donderry Bridge,  with  a  girder  of  equal  span,  in  each  case  assuming  that 
S  tons  per  foot  on  the  bridge  will  bring  no  strain  exceeding  5  tons  per  inch 
on  the  metal. 
The  weight  of  chain,  such  that  S  tons  per  foot  on  the  girder  will 

not  exceed  5  tons  per  inch,  is  (see  Appendix  B) 150  tons. 

The  weight  of  girder  sufficient  to  give  no  ware  or  deflection 

greater  than  1*32  in.  with  100  tons  (see  Appendix  A)  ....      150  » 
The  weight  of  metal  in  cast-iron  columns,  so  that  the  greatest 
compression  with  S  tons  per  foot  is  4  tons  per  inch  (see  Ap- 
pendix C) i 60  rr 

Weight  of  suspension  bare,  so  that  the  tensile  strain  does  not  ex- 
ceed 5  tons  per  inch  with  3  tons  per  foot  load  (see  Ap- 
pendix D) 15  » 

375 
To  this  must  be  added  the  value  of  the  post  of  the  anchorage 
of  the  chains,  which  in  the  Londonderry  Bridge  will  be  15 
per  cent  of  the  iron-work  of  the  main  girder  portion  of  the 
bridge,  so  that  I  have  added  57  tons  to  represent  the  value 
of  the  cost 57  » 

4S9toot 
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To  compare  this  weight  with  that  of  a  girder  alone  of  the  same  length  and 
depth  as  that  used,  which  would  be  equally  rigid  with  the  suspension  girder, 
we  hate  to  multiply  150x25  =  3750  tons,  or  more  than  eight  times  the 
amount  of  metal ;  but  it  may  be  correctly  argued  that  a  simple  girder  would 
be  made  deeper,  and  it  is  therefore  fairer  to  make  the  comparison  with  an 
actual  girder,  of  which  we  have  an  example  nearly  the  same  span  in  the 
Britannia  Tube. 

The  weight  of  the  pair  of  the  Britannia  Tubes  is  3100  tons,  or  more  than 
seven  times  the  amount,  a  difference  which  will  be  received  with  surprise ; 
but  it  is  perfectly  consistent  with  the  fact  that  the  Derry  Bridge  has  nearly 
three  times  the  depth,  and  has  2660  tons  less  of  its  own  weight  to  support. 

The  weight  of  metal  in  the  Londonderry  Bridge  does  not  in  fact  exceed 
that  of  the  sides  of  one  of  the  Britannia  Tubes  without  the  top  and  bottom 
webs. 

It  should  be  observed  that  the  proportion  of  the  cost  of  anchorage  will 
vary  under  different  circumstances,  but  in  the  case  of  the  Londonderry 
Bridge  it  will  be  under  15  per  cent. 

It  should  also  be  noticed,  on  the  other  hand,  as  a  set-off  to  the  cost  of 
anchorage,  that  the  foundations  will  be  increased  in  a  girder  bridge,  from 
their  having  to  supports  1 10  tons  as  compared  with  432  tons  in  the  suspension 
bridge,  which  will  produce  an  amount  in  saving  in  average  cases  equal  to 
the  anchorage. 

We  will  now  compare  the  rigidity  of  the  suspension  bridge  with  that  of 
the  tube. 

The  deflection  from  1  ton  per  foot  all  over  the  suspension  bridge  (see 
Appendix  A)  will  be  1^  inch. 

The  deflection  of  one  of  the  Britannia  Tubes  from  1  ton  per  foot  all  over 
is  3}  inches. 

The  greatest  wave  that  will  be  produced  by  a  train  of  200  tons  covering 
one-half  of  the  Londonderry  Bridge,  the  other  portion  being  unloaded,  will 
be  readily  found  from  the  experiments. 

The  calculated  extreme  deflection  of  the  girder  with  200  tons  all  over, 

separate  from  the  chain,  is  41*25  inches  (see  Appendix  A) :  ~^~  =1*65,  the 

greatest  deflection  of  the  wave  if  simply  suspended  from  the  chain ;  but,  as 
the  chain  in  the  actual  bridge  is  attached  to  the  girder  for  nearly  one-half 
the  length,  the  rigidity  will  be  much  greater  than  here  indicated. 

It  thus  appears  that  the  deflection  of  the  Londonderry  Bridge,  with  a  sus- 
pended girder  and  loaded  all  over,  equals  the  wave  when  the  bridge  is  half 
loaded,  and  they  are  each  about  half  the  deflection  of  one  of  the  Britannia 
Tubes  when  loaded  all  over  with  the  same  weight  per  foot. 

It  is  necessary  to  explain,  that  the  estimate  given  of  the  deflection  of  the 
Britannia  Tubes  assumes  that  they  act  separately;  when  united  at  the  top 
they  become  suspension  girders,  and  the  deflection  is  reduced ;  on  the  other 
hand,  it  has  to  be  noticed  that  I  have  not  taken  into  account  the  increased 
rigidity  from  uniting  the  girder  to  the  chain,  instead  of  simply  suspending  it, 
which  will  have  a  most  material  influence. 

I  will  also  call  attention  to  the  fact,  that  in  estimating  the  deflection  of  the 
Londonderry  Bridge,  I  have  treated  the  point  of  support  as  a  fixed  point, 
which  is  the  case  if  all  the  spans  are  equally  loaded ;  but  in  the  event  of  one 
span  being  loaded  and  the  adjoining  span  unloaded,  the  point  of  suspension 
will  not  be  a  fixed  point,  and  the  deflection  will  be  greater  than  I  have 
estimated. 

Thus  with  one  span  loaded  and  the  second  span  unloaded,  the  girder  bridge 
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will  show  a  comparatively  better  result  than  with  the  entire  bridge  loaded, 
but  not  to  any  sensible  amouut,  as  the  same  property  which  renders  the 
suspended  girder  rigid  will  prevent  the  movement  of  the  point  of  suspension. 

The  weight  on  one  opening  will  create  a  disposition  to  straighten  the  chain 
in  the  adjoining  opening,  which  will  be  resisted  by  the  girder  so  effectually 
from  being  united  with  it,  that  little  motion  of  the  point  of  suspension  will 
occur,  even  if  no  assistance  were  given  by  the  tower. 

We  may  make  a  similar  comparison  deduced  from  other  large  girders,  of 
which  the  next  largest  actually  erected  is  the  Boyne  Viaduct :  here  the 

Span  is 264  feet. 

Weight  of  effective  metal    300  tons. 

To  find  a  girder  of  equal  depth  and  rigidity  of  440  feet  span,  we  have 
as — 

2643  :  440s  :  :  300  :  1388  tons;  the  weight  of  a  girder  being  controooas 
that  would  deflect  1*9  inch  with  540  tons  all  over,  or  about  two-thirds  of  the 
rigidity  of  the  Londonderry  Bridge. 

The  Boyne  Viaduct  thus  indicates  a  much  more  favourable  result  than 
the  tube ;  and,  as  the  system  would  admit  of  greater  depth,  much  less  metal 
would  suffice  for  this  span. 

A  similar  deduction  may  be  made  from  the  Newark  Dyke  Bridge,  which 
has — 

Span  of  opening ....    240  feet 
Weight  of  metal .    .    .    •    244^  tons. 

Here  we  have  as — 

240"  :  440a  ::  244|  :  1506  tons,  the  weight  required  to  construct  a  girder 
that  will  deflect  2f  inches  with  240  tons,  and  indicates  also  a  more  favourable 
result  than  the  solid-sided  girder,  but  not  equal  to  the  Boyne  Viaduct. 

I  must  not  conclude  these  comparisons  without  referring  to  Mr.  Brunei's 
new  system  of  combining  an  arch  and  a  suspension  chain,  giving  each  half 
the  duty. 

There  is  no  doubt,  in  the  case  of  the  proposed  Londonderry  Bridge,  if  the 
chain  was  reduced  to  half  the  section,  and  an  arch  of  the  depth  of  the  chain 
was  substituted,  and  the  suspension  rods  extended  to  the  arch,  that  theoretically 
with  the  same  metal  there  would  be  equal  strength  and  rigidity ;  but  the  real 
difficulty  is  the  impracticability  of  such  a  construction :  the  metal  in  an  arch 
of  451  feet  span  and  80  feet  rise  cannot  be  measured  by  the  section  as  in  a 
chain,  from  the  tendency  to  buckle,  and  from  having  to  contend  with  its 
own  weight. 

Thus  in  the  Saltash  Bridge,  which  is  now  in  course  of  construction  on  this 
principle  of  451  feet  span,  the  depth  is  only  56  feet,  or  little  more  than  ^rd 
of  the  Londonderry  Bridge  if  of  that  construction,  and  thus  nearly  three 
times  the  metal  is  required  to  give  equal  strength,  and  nearly  nine  times  to 
give  equal  rigidity,  from  the  deflection  varying  as  the  cube  of  the  depth. 

It  will  be  observed  that  there  will  be  no  difficulty  in  giving  even  a  greater 
depth  to  a  suspension  bridge ;  the  vertical  pressure  or  weight  of  the  bridge  is 
small  compared  with  the  pressure  on  the  arch  of  Mr.  Brunei's  girder,  and  as 
the  height  is  only  88  feet  no  practical  difficulty  arises. 

Concluding  Observations. 

The  important  practical  results  of  the  preceding  experiments  are:— 
1st.  That  in  suspension  bridges  it  is  essential  that  the  platform  should  be 
stiffened  with  a  girder  to  prevent  vertical  undulation. 
2nd.  That  the  deflection  of  the  wave  of  a  girder  attached  to  a  chain  similar 
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to  the  Londonderry  Bridge,  will  not  exceed  ^th  of  the  deflection  of  the  same 
girder  not  attached  to  the  chain. 

3rd.  That  theoretically  the  saving  of  metal  to  give  equal  strength  in  a 
suspension  bridge  is  only  one-half  of  that  of  a  girder ;  but  as  it  can  be  made 
of  great  depth  without  practical  difficulty,  and  as  the  deflection  varies  as  the 
cube  of  the  depth,  a  bridge  on  this  principle  of  such  span  as  the  Londonderry 
Bridge  may  be  made  under  average  circumstances  with  at  least  one-fourth 
of  the  metal  of  an  ordinary  girder  bridge  having  equal  rigidity. 

The  results  Nos.  1  and  2,  although  at  variance  with  the  general  practice  of 
engineers,  are  still  in  accordance  with  such  experience  as  we  possess. 

Suspension  bridges,  with  a  few  exceptions,  have  been  not  only  built  of 
snail  depth  without  stiffening  girders,  either  vertically  or  horizontally,  but 
the  points  of  suspension  have  not  been  fixed,  but  simply  resting  on  rollers, 
was  to  give  every  facility  for  movement ;  and  thus  arises  the  motion  generally 
complained  of  in  suspension  bridges. 

Moreover,  suspension  bridges  have  been  built  without  any  rule  or  super- 
vision, and  as  they  will  bear  their  own  weight,  however  lightly  constructed, 
they  have  been  in  most  cases  of  insufficient  strength,  many  now  existing 
cot  having  |th  or  £th  the  strength  given  in  the  Deny  Bridge. 

In  a  few  cases  where  a  girder  has  been  used,  the  results  accord  with  my 
experiments.  The  Niagara  Bridge  of  820  feet  span  has  a  girder  very  little 
deeper  than  the  Deny  Bridge,  and  is  built  of  timber  only ;  yet  the  deflection 
from  a  train  is  not  more  than  5  inches,  as  appears  from  the  Report  of  Mr. 
Roebling;  an  amount  much  less  than  my  experiments  would  indicate,  when 
it  is  considered  that  the  girder  is  of  timber  only. 

Another  case  is  that  of  the  Inverness  Bridge,  which  ha3  a  wrought-iron 
parapet  3  feet  6  inches  deep,  and  is  nearly  represented  by  the  small  wrought- 
iron  model. 

This  bridge  has  been  subjected  to  the  test  of  a  locomotive  passing  over  it 
oo  a  truck  drawn  by  fourteen  horses,  which  produced  so  little  deflection,  as 
appears  from  the  Report  of  Mr.  Rendel,  that  a  member  of  the  Institution  of 
Civil  Engineers,  when  the  subject  was  mentioned  at  the  recent  discussion, 
expressed  his  doubt  of  the  fact. 

It  is  however  satisfactorily  explained  by  the  preceding  experiments,  which 
prove  that  snch  a  parapet  is  sufficient  to  render  a  suspension  bridge  so  nearly 
rigid  that  no  deflection  would  be  observable  without  measurement 

There  are  other  cases  of  suspension  girder  bridges,  viz.  the  Montrose 
Bridge  in  Scotland,  the  Kief  Bridge  in  Russia,  and  more  recently  the  Chelsea 
Bridge  over  the  Thames  at  London,  in  all  of  which  it  is  reported  that  objec- 
tionable movement  is  cured ;  and  I  am  informed  by  Mr.  Vignoles,  the  engi- 
neer, that  the  Kief  Bridge  has  been  passed  over  by  Russian  artillery  at  a 
gallop  without  any  objectionable  oscillation  or  deflection.  In  America  sus- 
pension bridges  have  been  used  for  aqueducts,  the  trough  acting  as  a  girder, 
the  success  of  which  proves  that  all  vertical  and  horizontal  oscillation  has 
been  cured. 

I  will  conclude  my  paper  by  remarking,  that  it  has  been  necessary  in  the 
preceding  investigation  to  make  reference  to  the  existing  works  of  eminent 
engineers.  I  am  desirous  to  observe  that  such  comparisons  have  been 
essential  to  the  elucidation  of  the  question,  and  that  I  have  no  intention  for 
one  moment  to  detract  from  the  engineering  merit  of  these  great  works.  The 
genius  exhibited  in  overcoming  the  various  difficulties  which  presented  them- 
selves during  their  execution  must  be  evident  to  all,  but  especially  to  those 
whose  profession  renders  them  acquainted  with  what  had  to  be  contended 
with.  ^ 
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At  the  time  they  were  designed,  the  popular  objections  to  suspension 
bridges  were  much  greater  than  at  present,  and  no  example  existed  of  a  rail- 
way suspension  bridge. 

An  engineer  might  then  have  been  as  little  justified  under  such  circum- 
stances in  adopting  a  suspension  bridge  for  railway  traffic,  as  he  would  now 
be  in  error  in  disregarding  the  experience  which  has  since  been  obtained. 

It  is  still,  however,  asserted,  but  without  any  assigned  reason,  that  suspen- 
sion bridges  are  not  adapted  for  trains  at  speed ;  my  own  view  on  this  point, 
from  large  experience  in  railway  construction,  from  observing  the  effect  pro- 
duced on  bridges  crossed  by  contractors'  waggons  drawn  by  horses,  and  by 
experiments  made  on  trains  at  speed  with  the  Iron  Commissioners,  is,  that 
road  traffic  gives  as  severe  trial  by  troops  marching  in  step,  by  herds  of 
cattle,  or  by  cavalry  trotting  or  galloping,  as  the  heaviest  trains  at  full  speed 
on  railways. 

This  is  not,  however,  the  subject  I  now  submit  for  discussion ;  the  first 
step  in  the  inquiry  is  the  simple  mechanical  problem  of  the  strength  and 
deflection  with  stationary  loads,  on  which  no  doubt  should  exist ;  and  when 
it  is  remembered  that  the  extension  of  the  railway  system  is  much  governed 
by  the  cost  of  construction,  of  which  the  crossing  of  valleys  and  rivers  forms 
so  considerable  an  item,  that  in  some  cases  a  single  bridge  costs  as  much 
as  75  or  100  miles  of  line,  I  hope  the  inquiry  will  be  deemed  of  sufficient 
importance  by  the  Association  to  elicit  a  full  investigation  and  discussion. 


APPENDIX. 
A. 
Estimate  of  Deflection  of  the  Londonderry  Girder,  from  experiments  on  the 

Boyne  Viaduct. 

The  centre  opening  is  264  feet.  Weight  of  girder  300  tons.  540  tons  all 
over  produces  a  deflection  of  1*9  inch. 

The  deflection,  if  of  the  length  of  the  Londonderry  Bridge,  would  hare 
been  264a  :  440s  : :  1*9  :  8'79  inches. 

To  ascertain  the  deflection,  if  of  the  same  depth  as  the  Londonderry 
Bridge,  we  have  16'53  :  22-53  :  :  8*79  :  22*289  inches. 

This  assumes  a  weight  per  foot  forward  equal  to  the  Boyne  Viaduct.  The 
Boyne  Viaduct,  if  of  the  same  length  as  the  Londonderry  Bridge,  would 
weigh  512  tons. 

The  following  will  therefore  be  the  deflection,  if  of  the  same  weight  as  the 
Derry  Bridge :— 150  :  512  : :  22*289  :  76*078  inches,  which  is  the  deflection 
with  540  tons  all  over.    200  tons  all  over  will  therefore  be  28*17 ;  100  tons 
in  the  middle,.  23*53  inches. 
Estimate  of  the  Deflection  from  Experiments  on  the  Newark  Dyke  Bridge. 

Span,  240  feet ;  weight  of  girder,  244^  tons ;  deflection  with  240  tons  all 
over,  2*75  inches.     As  240*  :  440s  : :  2*75  :  17  inches. 

The  depth  of  the  Newark  Dyke  being  the  same  as  the  proposed  London- 
derry Bridge,  17  inches  will  indicate  the  deflection,  if  it  was  equal  in  weight 
to  the  Newark  Dyke  Bridge;  but  the  weight,  if  of  the  same  length,  being 
450  tons,  we  have,— 150  :  450  :  :  17  :  51  inches,  the  deflection  with  240 
tons  all  over.     With  200  tons  all  over,  42*5  inches. 

With  100  tons  in  the  middle  it  will  therefore  be  34  inches. 

Estimate  of  the  Deflection  from  Experiments  on  the  Britannia  Tube. 
The  Britannia  Tube  weighs  1600  tons,  and  deflects  with  200  tons  all  over 
1*25  inch. 
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The  deflection  of  the  Britannia  Tube,  if  reduced  to  1 50  tons,  would  be  1*5 
inches. 

The  depth,  practically,  of  the  proposed  Londonderry  Bridge  is  16j  feet,  and 
of  the  Britannia  Tube  28  feet,— 16*  :  28'  :  :  12*5,  or  449*21  t  2195*20  : : 
12*5  :  6*07  inches,  which  has  to  be  reduced  in  the  ratio  of  the  cube  of  the  span, 
4603 :  440s  : :  60*7  :  53*08  inches,  the  deflection  of  the  Londonderry  girder 
with  200  tons  all  over. 

The  mean  of  tbe  three  results  indicates  41*25  inches  as  the  deflection  of  a 
girder  of  150  tons,  loaded  all  over  with  200  tons,  and  S3  inches  when  loaded 

33 
in  the  middle  with  100  tons:  £g»l°9£  will  therefore  be  the  deflection  when 

attached  to  tbe  chain*. 

B. 
Dimensions  of  Londonderry  Bridge,  and  calculation  of  Strains  and  Deflection. 

Span  between  points  of  support,  451  feet;  length  of  the  girder,  440  feet; 
depth  at  high  tower,  88  feet ;  depth  at  side  tower,  59  feet ;  centre  catenary 
half  horizontal  length,  246  feet ;  side  catenary,  half  horizontal  length,  205 
feet;  length,  half  chain  (centre),  266*2  feet;  length,  half  chain  (side), 
215-5  feet. 

Strain  on  cables  at  high  tower  with  S  tons  per  foot  load,  assuming  £th  to 
be  supported  by  the  girder  and  2 J  tons  by  the  chain,  according  to  the  for- 
mula 

T=:  ~  i/4ar-+^=-j|§J  X  i^4x882  +  246s,  =  1031  tons, 

x  being  the  depth  of  catenary,  y  the  half  span,  w  the  weight  equally  distri- 
buted, and  T  the  tension. 

Section  of  the  cable  at  high  tower,  so  that  no  strain  exceeds  5  tons  per 
inch,  206  inches. 

Strain  of  the  cable  at  the  side  tower, 

1000  - - 

4X59x  -•  4x59* +205**=  1000  tons. 

Section  of  cable  at  side  tower,  200  inches;  horizontal  strain,  840  tons; 
section  of  iron  at  bottom  of  chain,  168  inches. 

Deflection  from  Expansion  and  Contraction. 
Tliis  calculation  assumes  that  the  expansion  between  sumu;er  and  winter 
j*  2oWtft  part  of  the  length,  and  that  it  produces  a  strain  of  5  tons  per  inch. 
The  exact  length  of  the  chain  from  the  formula 

z=  v/y+fc*or  v/2469+£88*=266-16, 

z  being  half  length  of  catenary, 

y  being  half  chord, 

x  being  versed  sine. 

Add  elongation  of  half  the  cable  -133 


266-293 


x=  s/$v>-y>=z  ^£266'293«-2469~88-3. 
The  deflection,  therefore,  from  the  temperature  will  be  $rd  of  a  foot,  or  4 
inches,  a  deflection  much  under  that  of  ordinary  suspension  bridges,  arising 

*  The  deflections  are  here  estimated  to  vary  as  the  cube  of  the  depth,  in  order  to  obtain 
toe  extreme  amount.  The  more  correct  result  in  a  beam  of  this  form  will  be  from  the 
square,  io  that  the  means  here  given  of  41*25  and  3S  inches  will  considerably  exceed  the 
actual  deflection. 
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from  the  great  depth.    From  this  has  to  be  deducted  the  expannoa  of  the 
cast-iron  towers,  which  will  amount  to  \  an  inch. 

The  same  deflection  of  course  indicates  the  effect  of  3  tons  per  foot  on  the 
bridge,  as  this  weight  produces  5  tons  per  inch  strain  on  the  cable.  One  foot 
per  ton  all  over  will  therefore  cause  a  deflection  under  \\  inch. 


In  the  design  for  the  proposed  Londonderry  Bridge,  ornamental  cast-iron 
towers  are  proposed.  As  a  mechanical  question,  we  must  estimate  them  as 
cast-iron  columns  acting  simply  to  carry  weight,  which,  if  they  were  sodesigned, 
would  be  as  follows  :— 

The  weight  to  be  supported  by  the  high  tower  when  the  bridge  has  its 
extreme  load,  is  1500  tons.  To  give  4>  tons  per  inch,  we  require  375  iaebes, 
or  3750  lbs.  per  yard. 

The  high  towers  being  30  yards  high,  the  weight  of  metal  will  be  50  tons. 

The  low  tower  will  have  1320  tons  with  a  full  load,  1-^=  330  inches,  or 
3300  lbs.  per  yard ;  the  height  being  20  yards,  the  weight  will  be  20  tons. 

The  mean  of  the  two  towers  will  require  for  direct  strain  40  tons.  Add 
50  per  cent,  for  bolts  and  ineffective  material,  20  tons==60  tons. 

D. 

Estimate  of  the  Weight  of  Suspension  Bars. 

The  weight  to  be  carried  is  1 100  tons,  if  we  allow  5  tons  per  inch ;  the 
section  required  is  220  inches,  or  2200  lbs.  per  yard ;  the  average  length  is 
10  yards,  and  weight  10  tons.  Add  50  per  cent,  for  ineffective  metal  5  toot 
=15  tons. 


Evidences  of  Lunar  Influence  on  Temperature. 
By  J.  Park  Harrison,  M.A. 

[A  Communication  addressed  to  Major-General  Sabine,  General  Secretary  to  the  British 
Association,  and  ordered  to  be  printed  among  the  Reports.] 

A  fall  in  temperature  having  been  found  to  recur  with  some  frequency 
between  #  and  J ,  and  a  corresponding  rise  shortly  after  J .  tables  and 
curves  were  formed  in  the  early  part  of  1857,  for  a  series  of  lunations,  and 
a  careful  comparison  instituted  between  the  temperatures  of  the  days  at 
the  period  of  suspected  action.  The  result  of  the  inquiry  was  satisfactory. 
It  appeared  beyond  question  that  decided  effects  (depending  on  lunar  in- 
fluence) occurred  at  the  time  referred  to ;  and  even  that  a  single  day— the 
third  before  }, — was  on  the  annual  mean  of  considerably  lower  tem- 
perature than  another  day,  viz.  the  second  after  D  ;  the  difference  between 
the  two  temperatures  being  by  far  the  greatest  in  the  winter  months.  Theft 
facts  I  had  the  pleasure  of  communicating  to  you  soon  after  they  had  been 
ascertained  ;  and  they  were  shortly  afterwards  laid  before  the  British  Asso- 
ciation at  Dublin. 

The  following  Table  was  then  formed  of  the  mean  annual  temperatures  of 
eight  fixed  days,  viz.  the  third  before  and  the  second  after  the  four  principal 
phases  of  the  moon  in  each  lunation,  for  21  years.  The  observations  chiefly 
used  were  those  made  at  Dublin  under  the  direction  of  the  Ordnance  Survey 
in  1836-1852,  and  were  well  adapted  to  my  purpose  from  being  collected 
in  a  single  volume;  the  remainder  were  from  the  Greenwich  results  of 
1852-1857. 
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Table  I — Mean  Annual  Temperatures  of  certain  fixed  days  in  the 
Lunations  of  1836-1857. 
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From  this  Table  it  will  be  seen, — 
At  the  period  of  {  *)  there  was  | "  J?ge  \  in  thirteen  years  out  of  twenty-one. 


-one. 
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And  in  five  of  the  eight  years  in  which  there  are  exceptions  to  the  (ammed) 
rule  of  a  higher  temperature  preceding  •,  exceptions  are  also  found  at  the 
period  of  O* 

And  so  with  the  quarters : — 

Attbeperiodof  {  J  }  there  ,.  {:fi£"Ji£  J=}-*»~* 

Only  two  exceptions  occurred  at  > ,  and  in  both  cases  they  are  found  in  the 
same  years  at  { . 

2.  Winter  lunations  to  all  appearance  exercising  a  considerable  influence 
upon  the  mean  temperature  of  the  two  days  at  the  period  of  J ,  inquiry  was 
next  extended  to  individual  months.  The  results  evidence  the  same  marks 
of  system  that  have  been  already  observed  in  the  yearly  means. 

lln  the  tnontbs  of  October,  November,  December,  and  January,  the  pro- 
portion in  which  a  rise  or  fall  occurred  from  the  third  day  before  to  the 
.second  day  after  the  syzygies  and  quarters,  during  the  same  twenty-one 
years,  was  as  follows : — 

In  October, . .  at  (  •  *  J"  .in  "  ou'  °f  «• 
L  O  a  fall  in  15  out  of  22. 

In  November,  at  I  •  a  fa»  !D  }«  «*  of.  % 
I  O  a  fall  in  13  out  of  22. 

In  December,  at  /  •  'he.  ri8f  aP?  fa"  «?£• 
'       (O*  rise  in  14  out  of  22. 

In  January,  --  •*  j.  o  •  ri-e  In  16  out  of  21 . 

In  October, . .  at  (  J  th«  J?  "d  fa»  9™L 
(da  fall  in  16  out  of  21 . 

In  November  at  J  J  a  "8e  in  U  out  of  2K 
in  November,  at  j  ^  ft  fa|1  ,B  ]3  ^  rf 2Q 

In  December,  at  (  J  a  r[se. in  13.0"tIof  2I; 
[  <T  the  rise  and  fall  equal. 

In  January        at  J  J  a  rise  in  16  out  of  2h 
in  January,  •  ■  «  ^  c  a  faM  in  13  out  of  23. 

In  the  summer  months  a  rise  prevailed  in  the  proportion  of  about  3  :  % 
at  all  the  periods,  excepting  in  May,  at  the  time  of  J,  when  it  was  as  4  :  1. 

At  the  period  of  d,  there  occurred  in  the  same  21  years  the  following 
remarkable  alternations  of  temperature : — 

In  March,.,  a  rise  in  12  out  of  21. 
In  April,. .  a  fall  in  IS  out  of  21. 
In  May, . .  a  rise  in  13  out  of  21. 
In  June,. .  a  fall  in  13  out  of  21. 
In  July, . .  a  rise  in  13  out  of  2i. 
In  August,  a  fall  in  13  out  of  21. 

Strong  indications  of  similar  reciprocity  were  traceable  in  separate  lu- 
nations and  at  different  periods  of  the  same  lunations. 

3.  Further  evidence  of  system  was  next  obtained  from  the  highest  and 
lowest  mean  temperatures  of  each  month.     These  were  found  in  a  tabular 
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form,  with  the  dates  attached,  for  22  years,  in  the  results  of  the  Dublin  Ob- 
servations. And  although  it  was  scarcely  to  be  expected  that  monthly 
maxima  and  minima  would  coincide  to  any  extent  with  the  annual  mean  tem- 
peratures (or  means  of  the  means)  of  the  eight  days  at  the  different  lunar 
periods,  in  the  first  half  of  the  lunation  they  appeared  in  a  great  measure 
to  do  so. 

At  the  periods  of  the  syzygies  and  quarters,  upon  the  days  of  the  change, 
and  for  the  three  days  before  and  after,  the  proportion  in  which  maxima  and 
minima  mean  temperatures  occurred  in  each  month,  is  shown  approximately 
in  the  following  Table ;  the  jigns  +  and  —  before  the  figures  indicating  the 
predominance  of  maxima  or  minima  :— 

Table  II. 


UonUu. 


November 
December 
January    ... 
February ... 

March 

April    

May 

June 

July 

August 

September 
October   ... 


• 

) 

+  5:4 

+  2:1 

-1-3:2 

= 

+  2:1 

+  2:1 

+  3:2 

+  3:2 

+  2:1 

-2:1 

+  6:4 

-3:2 

-3:2 

+  3:2 

-5:4 

—  5:4 

-3:2 

+  2:1 

-3:2 

-5:4 

-3:2 

= 

-2:1 

+  3:2 

Thus,  in  winter,  for  six  consecutive  months,  maxima  predominate  at  • ; 
for  the  other  six  months  minima,  and  that  in  much  the  same  proportion. 
In  four  of  the  winter  months,  viz.  December,  January,  February,  and  March, 
in  which  maxima  preponderate  at  the  period  of  •,  minima  are  in  excess  at  O- 
In  July,  August,  and  October,  the  converse  holds  good.  At  the  quarters,  a 
similar  reciprocal  action  takes  place  in  the  months  of  October,  November, 
January,  April,  June,  and  July. 

*.  Not  the  least  striking  fact  which  has  been  elicited  during  the  progress 
of  this  investigation,  is  the  systematically  unequal  distribution  of  the  maxima 
and  minima  mean  temperatures  over  the  several  days  of  the  lunation.  At 
Dublin,  for  the  period  under  consideration,  the  greatest  number  of  high  and 
low  temperatures  at  each  quarter,  excepting  at  O,  occur  upon  the  day  fol- 
lowing the  change.  In  the  annexed  Table  this  will  be  clearly  seen,  as  well 
as  an  apparent  increase  in  the  numbers  as  they  approach  the  four  days  of 
greatest  action — more  particularly  at  the  quarters. 

Table  III. — Showing  the  distribution  of  the  530  maxima  and  minima  mean 
temperatures  of  day  in  each  month  for  22  years  at  Dublin. 
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The  other  points  to  which  I  wish  to  direct  attention  in  this  Table  are  the 
excess  of  maxima  and  minima  upon  the  third  day  before  and  third  day  after 
t,  and  the  regular  progression  of  effects  at  the  octants. 
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At  J,  out  of  the  13  maxima  and  minima,  on  the  second  day  after  the  day 
of  change,  the  proportion  of  the  former  to  the  latter  was  as  2 : 1 .  No  maxima 
or  minima,  however,  were  found  to  occur  for  22  years  on  any  of  the  three 
days  following  on  J)  in  the  months  of  April,  May,  June,  July,  September,  or 
October ;  whilst  on  the  4th  day  after  J  (or  the  2nd  octant),  seven  oat  of  the 
eight  maxima  and  minima  occurred  in  these  very  months. 

At  {  there  is  the  following  alternation, — 

4-12—12+14—20-15. 
-  6+  7-11  4-  6+  5. 

5.  By  the  courtesy  of  Mr.  Glaisher  I  am  able  to  give  additional  evidence 
of  system  of  considerable  value  from  his  tables  of  mean  temperatures  of 
each  day  at  Greenwich  for  43  years. 

It  will  be  interesting  to  compare  the  maxima  and  minima  mean  tem- 
peratures, which  I  have  extracted  for  the  earlier  half  of  this  period  (from 
1814  to  1835),  with  the  Dublin  results  (from  1830  to  1852;.  Thus  the 
number  of  maxima  and  minima  of  the  month  which  occurred  at  Dublin 
ou  the  three  days  preceding  •  were,  +13— 10;  +3—6;  +5—3.  At 
Greenwich  +11—6;  +3—6;  +8—7.  On  the  three  days  before  J,  at 
Dublin, +6-5;  +6—8;  +7—8.  At  Greenwich, +8-7;  +9-11;  +8 
—9.  On  the  first  and  second  days  after  J>,  at  Dublin,  +12—9;  +9-4. 
At  Greenwich,  +8—6;  +15—6.  On  the  three  days  before  O,  at  Dublin, 
+  8-7;  +6-9;  +15-12.  At  Greenwich,  +15-10;  +10— 8;  +5-G. 
On  the  second  day  before  and  after  (,  at  Dublin,  +13—5;  +4—16.  At 
Greenwich,  + 10—9 ;  +  8—20.  The  due  proportion  of  maxima  and  minima 
would  have  been  +9— 9  for  each  of  the  above  days.  This,  in  the  following 
Table  of  maxima  and  minima  in  the  month  for  the  days  of  the  change,  will 
be  found  to  be  very  nearly  the  case  at  •  and  J . 

Table  IV. 


At  Dublin,  1830-1852 |21  /  +} Jj  18  j  +jj; 

At  Greenwich,  1814-1836,...  20  •[  +}{}•;  18  •[  + 


oC;+io 


»{±' 


It  will  be  noticed  also,  that  with  the  single  exception  of  the  day  of  0>  the 
regularity  in  the  proportion  of  maxima  to  minima  which  runs  through  these 
figures  is  far  greater  than  could  a  priori  have  been  thought  possible. 

6.  Though  time  has  not  permitted  me  to  enter  on  an  examination  of  the 
remaining  mean  temperatures  at  Greenwich,  I  am  able  to  give  the  highest 
and  lowest  maxima  and  minima  in  the  month  for  the  whole  series  of  43  yean 
from  the  notes  at  the  foot  of  Mr.  Glaisher's  Tables ;  the  days  of  the  moons 
age  being  obtained  from  the  Nautical  Almanack.  The  following  was  found 
to  be  the  grouping  of  the  highest  and  lowest  temperatures  at  the  period 
of  J ,  to  which  attention  was  originally  drawn  : — 

D 

+    + 

+ 

That  is  to  say,  on  nearly  16,000  observation?,  eleven  out  of  the  t went) -four 
highest  and  lowest  mean  temperatures  occurred  at  the  above  period,  aod 
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minima  only  before  the  day  of  change.    The  just  expectation  would  be 
about  3  maxima  and  3  minima  for  the  whole  period  of  seven  days* 
The  results  at  Dublin  for  twenty-two  years  were  at — 

•-•+    +    +• 

In  this  case  also  minima  precede  the  day  of  the  change. 

For  the  rest  more  than  half  of  the  whole  number  of  the  superior  maxima 
and  minima  occurred  on  the  following  eight  days,  both  at  Greenwich  and 
Dublin,  viz  the  third  day  before,  and  the  third  day  after  •  ;  the  second  day 
before,  and  the  second  day  after  D  ;  the  day  before  4  ;  and  the  days  on 
which  the  moon  entered  on  her  first,  second,  and  third  quarters. 

Of  the  six  days  of  the  lunation  on  which  no  superior  maxima  or  minima 
occurred,  either  at  Greenwich  or  Dublin,  three  were  found  at  #,  two  at  0> 
and  one  at  <f . 

Many  other  details  of  interest  might  be  enumerated ;  but  when  it  was 
considered  that  the  observations  on  which  they  depend  are  ordinary  daily 
means,  taken  irrespective  of  the  hour  of  the  moon's  changes,  it  seemed 
hardly  worth  while  to  dwell  on  minute  points  which  would  at  present  only 
complicate  the  question. 

7.  The  dissolution  of  clouds  in  presence  of  O,  first  announced  as  a 
meteorological  fact  by  Sir  John  Herschel,  has  since  been  confirmed  by 
observations  made  by  Mr.  Piazzi  Smyth  on  the  Peak  of  Teneriffe,  at  which 
altitude  sufficient  heat  was  detected  in  the  lunar  rays  to  make  it  possible  that 
evaporation  might  cause  the  phenomenon  in  still  higher  regions  of  the  air. 
It  had  been  noticed  previously,  and  independently,  by  Baron  Humboldt  in 
America. 

A  still  more  remarkable  fact  has  been  noticed  by  Mr.  M.  J.  Johnson,  the 
Radcliffe  Observer  at  Oxford,  viz.  that  the  cloud-dispelling  power  of  the  moon 
extends  beyond  the  period  of  O ;  or  as  it  would  perhaps  be  more  correct 
for  me  to  say,  is  not  confined  to  it.  From  repeated  observations  it  appears 
that  at  Oxford  the  influence  begins  after  the  moon  is  four  or  five  days  old, 
and  lasts  till  she  approaches  the  sun  again  the  same  distance  on  the  other  side. 
So  frequently  had  this  been  noticed  by  Mr.  Johnson,  that  during  a  course 
of  observations  on  which  be  was  engaged  a  few  years  ago,  he  felt  that  his 
attendance  at  the  observatory  could  not  be  dispensed  with,  however  unpro- 
mising might  be  the  appearance  of  the  night,  until  the  moon  had  fairly  risen ; 
and  over  and  over  again  when  this  has  occurred,  the  sky,  before  com- 
pletely obscured,  has  become  clear. 

Mr.  Johnson  has  furnished  me  with  a  comparative  statement  of  the  number 
of  observations  of  the  sun  and  moon  taken  beween  the  day  of  )  and  the  day 
after  O,  in  the  years  1844,  1845,  and  1846,  which  shows  that  the  moon  was 
visible  on  an  average  137  times  on  the  meridian,  while  the  sun  is  seen  only 
100  times.  In  the  year  1844  the  preponderance  in  favour  of  the  visibility 
of  the  moon  was  as  1*52 : 1. 

A  clearing  of  the  atmosphere,  to  whatever  attributable,  by  increasing  solar 
as  well  as  terrestrial  radiation,  and  so  producing  extremes  of  heat  and  cold, 
would,  it  is  evident,  be  sufficient  to  account  for  some  of  the  results  enume- 
rated in  this  communication. 

The  importance  of  Mr.  Johnson's  facts,  in  connexion  with  the  peculiar 
action  which  it  has  been  shown  exists  at  the  period  of  J ,  will  be  at  once  ap- 
parent ;  and  however  little  required,  the  latter  in  a  measure  strengthens  the 
probability  that  the  effects  which  have  been  observed  are  not  accidental* 
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8.  Before  concluding,  it  will  be  necessary  to  explain  the  mode  in  which 
my  results  were  obtained. 

The  average  length  of  a  lunation  being  a  little  more  than  29%  days,  and 
the  difference  between  the  quarters  varying  from  three  or  four  hours  to  two 
days  and  even  more,  with  a  view  to  secure  as  much  uniformity  as  the  circum- 
stances of  the  case,  in  the  absence  of  a  sufficient  number  of  hourly  obser- 
vations, would  admit,  the  mean  temperatures  of  the  days  on  which  the  moop 
entered  on  her  four  principal  phases  were  first  set  down  as  centres,  and  then 
the  mean  temperatures  of  the  days  immediately  before  and  after  them,  each 
in  its  proper  order ;  and  so  with  the  maxima  and  minima  of  the  month. 

By  this  method  it  will  be  seen  that  the  numerically  imperfect  observations 
in  each  quarter  fell  upon  the  intermediate  or  octant  days ;  and  my  results,  I 
think,  show  that  this  was  a  proper  method  to  adopt  Otherwise,  and  if  there 
had  been  any  indications  of  a  regular  progression  of  effects  from  •  to  0,  it 
would  have  been  better  to  take  the  latter  as  a  centre,  and  to  have  arranged 
the  observations  accordingly. 

The  investigation  is  now  being  carried  out  further  by  means  of  the 
highest  and  lowest  readings  of  the  self-registering  maximum  and  minimum 
thermometer. 

Garla&di,  Ewhurst,  Surrey. 

P.S.  Dr.  Buys  Ballot,  Director  of  the  Royal  Meteorological  Institute  of 
the  Netherlands,  informs  me  that  be  has  found  the  highest  temperature  to 
follow  on  O,  which  he  attributes  to  the  greater  amount  of  heat  reflected 
from  the  moon's  surface  at  that  period.  M.  Ballot's  results  are  formed 
from  observations  made  at  Haarlem,  extending  over  120  years.  The  effects 
were  there  too  most  conspicuous  in  the  winter  months. 


Report  on  the  Animal  and  Vegetable  Products  imported  into  Zttwyoo/ 
from  the  year  1851  to  1855  (inclusive). 

In  consequence  of  a  suggestion  from  Professor  Balfour  at  the  Glasgow 
Meeting  1855,  it  was  considered  a  very  desirable  object  to  obtain  some 
information  relative  to  the  species  of  animals  and  vegetables  which  furnish 
the  articles  of  commerce,  and  the  extent  to  which  the  demand  on  each  is 
carried.  The  General  Committee  therefore  recommended  as  an  experiment, 
that  Committees  should  be  appointed  for  this  purpose  in  Liverpool  and 
Glasgow  to  collect  the  necessary  particulars  and  report  thereon.  The  gen- 
tlemen chosen  for  Liverpool  were  Professor  T.  C.  Archer,  Queens  College, 
Liverpool,  and  Joseph  Dickenson,  M.D.,  F.R.S.,  F.L.S.,  &c. 

Unfortunately  the  serious  indisposition  of  Dr.  Dickenson  obliging  him  to 
travel,  he  was  unable  to  take  any  active  part  in  preparing  the  following 
-  Report;  to  which  his  great  experience  would  have  been  so  valuable ;  but  as 
it  was  seen  that  the  sum  voted  by  the  General  Committee  would  be  insuffi- 
cient to  meet  the  expenses  of  clerical  assistance,  Dr.  Dickenson  liberally 
undertook  to  pay  any  excess  of  expenditure,  thus  giving  valuable  aid  to  its 
cohipletiori. 

The  plan  pursued  in  obtaining  the  results  was  as  follows : — 
In  each  large  port  there  is  published  daily,  a  paper  called  "  The  Bill  sf 
Entry,"  which  gives,  besides  a  variety  of  other  particulars,  the  arrival  of 
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every  vessel,  the  port  from  whence  she  sailed,  and  a  copy  of  her  manifesto, 
giving  an  account  of  the  cargo  she  brings.  By  the  kind  cooperation  of  Mr. 
Kobert  MacAndrew,  a  complete  file  of  these  papers  for  the  five  years  was 
obtained,  and,  books  being  prepared  for  the  purpose,  a  clerk  was  employed 
to  go  over  the  file  and  transcribe  every  importation  under  its  proper  heading, 
and  to  make  inquiries  of  the  merchants  or  brokers  whenever  it  was  doubt- 
fully expressed,  as  was  very  frequently  the  case.  One  thousand  five  hundred 
and  sixty-five  of  these  mercantile  newspapers  were  thus  collated,  and  every 
package  imported  in  the  five  years  was  recorded.  The  next  step  was  to  as- 
certain the  average  weight  of  each  package,  or  the  entire  weight  of  each 
consignment,  which  was  done  chiefly  by  personal  application  to  the  con- 
signees, who  in  every  instance,  when  applied  to  and  informed  of  the  cause 
of  inquiry,  readily  gave  the  required  information. 

It  cannot  be  doubted  that  the  connexion  of  Science  and  Commerce  in  this 
practical  way,  if  followed  out,  will  have  a  most  important  effect  upon  human 
progress.  The  man  of  science,  by  learning  the  particular  species  which  afford 
valuable  products,  will  by  his  knowledge  of  affinities  be  enabled  to  direct 
the  merchant  to  new  fields  of  enterprise ;  and  when  science  thus  shows  its 
power  of  being  practically  useful,  the  respect  for  it  will  be  increased,  which 
must  greatly  assist  in  its  advancement 

But  the  method  pursued  in  the  present  instance  is  too  laborious  and  too 
partial  to  be  of  any  great  use,  except  as  indicating  the  important  information 
which  is  lost  to  the  country  for  want  of  a  more  complete  system  of  statistics. 
The  Board  of  Trade  "  Returns"  would  appear  to  supply  the  deficiency  to  a 
great  extent ;  but  a  comparison  of  the  following  tables  with  that  voluminous 
production  will  show  that  very  many  things  are  never  mentioned  in  the 
Official  Returns,  except  under  such  general  denominations  as  "  Drugs  not 
otherwise  enumerated,"  &c  Now  it  is  to  the  unknown  articles  that  most 
attention  should  be  given  :  intelligent  people  abroad  see  natural  productions 
which  they  believe  Would  be  most  useful  to  our  manufactures,  or  in  our 
McUeria  Medica ;  they  send  a  small  quantity  for  experiment,  which  being 
unknown,  is  entered  under  some  general  term  similar  to  the  above,  and  the 
Revenue  is  satisfied.  The  broker,  if  a  man  of  extensive  business,  does  not 
like  to  be  troubled  with  small  matters ;  and  the  article  is  laid  aside  until  value- 
less, and  then  consigned  to  the  dust-cart.  In  this  way  the  importation  of  the 
valuable  Hydroborate  of  Soda,  now  extensively  imported  as  borax  from  South 
America,  was  in  abeyance  for  at  least  six  years;  and  almost  numberless 
instances  of  a  similar  kind  might  be  collected  in  our  largest  sea-ports. 

The  remedy  for  this  would  be  the  appointment  of  an  official  in  the  landing 
department  of  each  port,  to  ascertain  and  record  every  new  importation. 
The  merchant  in  all  such  cases  would  willingly  give  a  specimen  for  examina- 
tion ;  and  as  there  are  now  Industrial  Museums  in  London  (Kew),  Liverpool, 
Edinburgh,  and  Dublin,  the  specimens  could  be  determined  there,  and  remain 
Tor  public  inspection.  It  ought  also  to  be  imperative  upon  the  Landing  Officers 
to  return  every  importation  by  its  correct  name,  a  difficulty  which  would  be 
very  trifling  if  either  of  the  above  Museums  were  referred  to.  One  other 
reason  cannot  be  objected  to : — if  National  Statistics  are  worth  collecting, 
they  can  only  be  so  when  correct ;  and  correct  statistics  must  be  more 
essential  to  a  great  commercial  nation  than  to  any  other. 

T.  C.  Archer. 
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Report  on  the  Statistics  of  Life-boats  and  Fishing-boats  on  the  Coatls 
of  the  United  Kingdom.  By  Andrew  Henderson,  FJSL4,  $ 
AJ.C.E. 

The  importance  of  this  subject  has  already  brought  it  before  the  British 
Association,  both  at  Hull  and  at  Liverpool.  In  the  latter  case,  a  Committee 
reported,  through  their  chairman,  Major-General  Chesney,  as  follows:— "It 
is  manifest  that,  however  zealous  the  existing  Societies  may  be  (the  Life-boil 
and  the  Shipwrecked  Fishermen's),  neither  they  nor  the  Admiralty  possess  the 
necessary  funds  for  this  purpose ;  these  can  only  be  adequately  provided  by 
Parliament ;  but  in  order  to  effect  this  object,  judiciously  and  economically, 
it  appears  most  desirable  that,  as  a  preliminary  step,  the  British  Association 
should  recommend  the  Government  to  institute  such  experiments  as  will 
enable  the  public  to  form  a  judgment  on  a  subject  which  is  beset  with 
difficulties." 

The  papers  and  plans  were  published  in  p.  327  of  the  Report  of  die 
Liverpool  Meeting  of  the  Association  in  1854.  At  that  Meeting  it  was 
resolved,  "  That  Mr.  Henderson  and  Colonel  Chesney  be  a  committee  for 
the  purpose  of  collecting  the  statistics  of  the  design,  arrangements  and 
dimensions  of  Life-boats."  A  preliminary  report  was  made  by  Mr.  Hen- 
derson, but  not  printed  in  the  volume  of  the  Transactions  of  Glasgow  in 
1855. 

The  General  Meeting  of  the  Association  at  that  place  appointed  a  committee, 
"  consisting  of  Mr.  Andrew  Henderson,  Major-General  Chesney,  Sir  Edward 
Belcher,  Mr.  John  Wood,  Mr.  James  R.Napier,  Sir  William  Jardiue,BarL,Mr. 
W.  Ramsay,  and  Mr.  James  Thompson,  who  were  requested  to  continue  these 
investigations  as  to  the  statistics  and  condition  of  Life-boats  and  Fishing- 
boats;  as  to  the  principles  on  which  Life-boats  should  be  constructed;  the 
essential  conditions  of  their  successful  use ;  and  the  means  of  establishing 
them  round  the  coasts  of  the  British  Isles,  and  on  board  British  ships." 

Difficulties  were  still  found  to  exist  in  the  want  of  funds  for  experiments, 
in  the  members  residing  in  distant  parts  of  the  country,  and  from  their  having 
no  establishment  for  the  record  of  papers  and  models  of  the  various  life- 
boats and  fishing- boats  in  use  or  improvements  proposed.  The  latter  diffi- 
culty was  expected  to  be  met  by  the  resolution  of  the  Association  at 
Liverpool  in  1854 : — "  That  it  was  expedient)  for  the  advancement  of  natal 
architecture,  that  a  portion  of  the  intended  Museum  at  Liverpool  should  be  ap- 
propriated to  t/utt  purpose.'  The  Museum  in  question  was  only  then  pro- 
posed to  be  built  by  Mr.  William  Brown,  M.P.,  whose  impatience  of  delay 
has  been  shown  by  his  generously  erecting  the  Museum  at  his  own  expense, 
the  first  stone  being  laid  in  the  winter  of  1856. 

Meantime  Mr.  Arthur  Anderson,  Chairman  of  the  Crystal  Palace  Com- 
pany, having  obligingly  placed  the  naval  gallery  of  the  Palace  at  the  disposal 
of  the  Committee,  for  the  exhibition  of  ships,  life-boats,  and  fishing-boats, 
that  difficulty  may  be  considered  removed  for  the  future. 

At  the  meeting  at  Cheltenham,  in  1856,  it  was  resolved,  that  a  Committee, 
consisting  of  Mr.  A.  Henderson,  Mr.  A.  Anderson,  Captain  Sir  E.  Belcher, 
R.N.,  Mr.  J.  R.  Napier,  Mr.  J.  Thompson,  C.E.,  Mr.  H.  Ramsay,  GE* 
Captain  J.  P.  Owen,  and  Sir  W.  Jardine,  Bart,  be  requested  to  continue  the 
investigation  as  to  the  statistics  and  condition  of  life-boats  and  fishing-boats ; 
as  to  the  principles  on  which  such  boats  should  be  constructed,  the  essential 
conditions  of  their  successful  use,  and  the  manner  of  establishing  them 
round  the  coasts ;  with  £5  at  their  disposal  for  the  purpose. 

Unfortunately,  these  difficulties  still  exist ;  the  only  aid  afforded  by  Go- 
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vernmeot  being  contributions  from  the  Mercantile  Marine  Fund,  by  the  Board 
of  Trade,  awarded  for  saving  life,  payment  to  the  crews  of  life- boats,  and  as- 
sistance in  launching  them.  The  Board  have  also  deputed  Commander  Ro- 
bertson to  visit  the  stations  and  report  upon  the  state  of  the  life-boats  and 
rockets  established  on  the  coast.  From  a  published  return,  obligingly  fur- 
nished by  order  of  the  Board,  it  appears  from  the  Wreck  Chart,  which  shows 
by  spots  and  crosses  the  position  of  the  wrecks  and  damaged  vessels  on  the 
coast  of  the  United  Kingdom,  amounting  to  987  casualties  in  the  year  1854, 
that  the  loss  of  life,  so  far  as  can  be  ascertained,  amounted  to  1549  lives. 
A  similar  return  for  the  year  ending  the  31st  December,  1855,  has  been 
presented  by  the  Board  of  Trade  to  Parliament,  and  published,  from  which 
it  appears  that  no  less  than  1141  wrecks  occurred  on  the  coasts  of  the 
United  Kingdom  in  that  year ;  about  one-half  of  that  number  took  place 
on  the  east  coast  of  Great  Britain.  The  loss  of  life  from  shipwreck  during 
the  same  period  was,  however,  comparatively  small,  being  only  469,  or  leas 
than  one-third  of  the  preceding  year,  and  considerably  less  than  in  any 
former  year  of  which  we  have  a  record.  The  number  of  lives  saved  from 
wrecked  vessels  was, — 

By  luggers  and  small  craft 4S9 

By  assistance  from  shore  by  mortar-apparatus,  Arc.  .     399 

By  ships  and  steam-vessels 290 

By  life-boats    251 

By  individual  exertion 9 

Total 1388 

STATISTICAL  STATEMENT  OF  LIFE- BOATS  AND  FISHING- 
BOATS  ON  THE  COASTS  OF  THE  UNITED  KINGDOM,  1855. 

WEST  COA8T8  OF   ENGLAND  AND  WALKS. 
No.  of  Boats.  Build,  material*,  and  arrangements. 

Peake'sNew. 

Beaching's,  replaced  by  Peake's. 

Good. 

• Port  of  Liverpool. 

Beaching'a  model  altered;  to  be  replaced 

by  Tubular  Boat. 
In  good  and  efficient  state. 


Whitehaven 

Lytham 

Sootbport  ... 
Liverpool  ... 
%1_ 


Penman 

Uanddowyn 

ComJyn 

Holyhead  ... 
Khoscolyn ... 

Moelfre 

Barmouth  ... 
Port  Mmdoc 
Barmouth  ... 
Aberdovey ... 


Aberystwith 


Fishguard 
Tenby 


LkneUy. 

Swansea. 


>  Anglesea  Life-boat  Association. 


.At  Holyhead,  under  repair. 
..In  good  condition. 
..In  good  condition. 
..In  good  and  efficient  condition. 
..In  good  and  efficient  condition. 
.In    doubtful    condition  —  scarcely    ever 

ordered. 
.In  builder's  yard  store — is  useless* 
.In  good  and  efficient  condition. 
..Good  and  efficient. 
..In  good  condition;  about  to  be  sent  to 

London  for  alterations. 
..As  Government  vessel,  in  good  and  efficient 

condition ;  manned  by  the  pilots. 
..Useless ;  lying  in  a  timber  yard. 
.In   very    indifferent    condition  —  never 

launched. 
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SOUTHERN  COAST  OF  ENGLAND* 


No.ofBotta. 

Hfracombe 1     .. 

Appledore 3    ... 


Budehaven 
Padstow..... 


St.  Ives 

Sennit  Core,  Land's  End 
Pensance   


Teignmouth 

Lvme  Regis 
Worthing  ... 
Shorehsm  ... 
Brighton    ... 


Newhaven 

Eastbourne    

Rye 

Dungeness 

Dover 

Ramsgate 

Broadstairs    2 


..In  good  and  efficient  condition. 

.All  efficient  and  in  good  order.    (WalBi, 

after  Peake.) 
..Complete  and  efficient. 
.In  Coast  Guard  House ;  had  boat,  out  of 

repair;  a  new  one  required. 
..In  a  timber  yard;  useless  in  erery  wsy. 
•Efficient,  and  in  good  condition. 
. .  Just  built;  not  equipped;  not  much  exertion 

used  to  get  her  ready. 
..In  good  condition,  but  about  to  be  tent  to 

London  for  alterations. 
.Complete  and  most  efficient. 
.Complete  and  most  efficient. 
..In  good  condition  and  serviceable. 
..In  fair  condition;  allowed  to  be  used  by 

anybody. 
..In  serviceable  condition. 
..In  serviceable  condition. 
..In  fair  condition  only. 
..Complete  and  most  efficient. 
..In  London  undergoing  alterations 
..Complete  and  most  efficient. 
►.In  fair  condition. 


No. 

Harwich 

Aldborough  

Thorpeness    

Southwold 

Pakefield  

Lowestoft 

Yarmouth 

Cromer 

Wells 

Skegness    

Spurn  Port,  Hull 

Bridlington   

Scarborough 

Whitby 

Robin  Hood's  Bay   

Stockton    

Hartlepool,  West 

Hartlepool,  North    

Sunderland    

Shields,  North 

Shields,  South  

Blyth 


■AST   COA8T  OF   ENGLAND, 
of  Boats.  Build,  l 

1  Has  not  been  in  the  water  for  4  years. 

1  Good. 

1  Good. 

2  B.  One  (Mr.  Beechney's)  good;  but  no 

confidence  in  the  other. 

1  Good. 

1  In  good  condition. 

2  ....One  under  repair;  the  other  small,  but  good. 

2  Clumsy. 

0 A  life-boat  formerly  here;  found  ber  re- 

moved to  Baeton — still  there. 

1  Good. 

1  New. 

1  Good. 

2  One  (Mr.  Peake'a)  new. 

2  Good. 

1  Good ;  but  boat-house  bad. 

4  Seem  to  be  good. 

1  •• Good ;  and  one  building. 

3  Good;  one  new. 

3  Good. 

1  Good ;  one  building  for  Tyuemoutfa. 

2  Good. 

2  Good  ;  one  Mr.  PeakVs. 
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.     i— —  ofnariftiw    No.  of      No.  of  Bj  whom  atabliahad,  build,  material, 

and  Builder.  Men.       Boats,  and  arrangement*. 

Berwick,  Peake —  L.  I     life-boat  Institution ;  cost,  £156. 

District  of  Leitham, 

Eyemouth  Fishing  Sta.  2117  F.  579    Usual  Fishing-boat. 

St  Andrews —  L.  1     Good. 

Anatrnther  District  2099  — 

Fishing  Stations   —  F.  500    Fishing-boat. 

Dnndee —  L.  2    Good. 

Arbroath    —  L.  1 

Maatrose —  L.  I 

StonehaFen    —  L,  I 

Aberdeen   —  L.  1 

Peterhead  District    2091  F.  656    Usual  Aberdeen  boat. 

37  Fishing  Stations 140  — 

Fraserburgh  District 1467  F.  439    The  Fraserburgh  boat. 

7  Fishing  Stations    

Banff  District    2853  F.  776    Usual  Buckie  boat. 

12  Fishing  Stations 

Kingshora  to  Lyster  Dis.  3802  F.  1049 

Wick  District    3227  F.  853 

Orkney  Isles 2471  F.  608    Small  Fishing-boat. 

Shetland  Isles  3162  F.  665    Do.  Norway  yawl. 

Storooway  &  Broom  Dis.  4298  F.  988 

Shielding  &  Skye  Dis....  3674  F.  1058 

Inverary    3189  F.  1062 

Rothsay  and  Greenock...  3524  F.  1 193    Short  sloop. 

Ardiossan,  Peake —  L.  1     Local  Committee. 

Irone —  L.  1     Old. 

Ayr —  L.  1     Old  and  bad. 

We  of  Man   2372  F.  487 

Daring  1856,  further  inquiries  were  prosecuted  through  circulars  sent  to 
different  parts  of  the  coast,  giving  the  particulars  of  the  life-boats  more  in 
detail,  in  which  every  assistance  was  afforded  by  the  Royal  National  Life- 
Boat  Institution,  and  by  the  Marine  department  of  the  Board  of  Trade,  so 
far  as  the  examination  of  the  official  returns  made  to  the  Board  as  to  the 
condition  of  life- boats  on  the  coast,  and  the  other  information  now  annually 
published  of  wrecks  and  casualties  on  the  coasts  of  the  United  Kingdom. 

This  is  a  most  valuable  and  useful  document,  comprising  a  statement  of 
the  number  of  lives  lost  and  saved,  the  amount  granted  out  of  the  Mer- 
cantile Marine  Fund  as  rewards  for  the  salvage  of  life,  and  contributions 
towards  the  maintenance  of  life-boats ;  the  former  being  £1 384,  and  the  latter 
^962  last  year.  There  is  also  apricis  of  the  special  inquiries  instituted  into 
the  causes  of  wrecks  and  casualties,  abstracts  of  the  whole  being  given  in 
twenty-five  tables,  affording  a  comparative  and  statistical  record  of  wrecks 
and  casualties,  further  elucidated  by  the  Wreck  Chart  now  published  annually, 
copies  of  which  may  be  had  from  the  Queen's  printers,  and  are  republished 
in  the  *  Lifeboat  Journal '  of  the  National  Life-Boat  Institution,  to  which  I 
vould  earnestly  recommend  all  interested  to  become  subscribers. 

It  will  be  observed  by  the  Wreck  Chart,  that  there  are  few  wrecks  on  the 
coast  of  Scotland ;  and  although  there  are  only  eleven  life-boats,  Scotland  is 
provided  with  as  good  means  of  saving  life  as  any  part  of  the  United  Kingdom, 
seeing  that  by  the  report  of  the  Edinburgh  Board  of  Fisheries,  December  1 854*, 
there  were  stationed  on  the  coasts  of  Scotland,  Shetland,  Orkney,  and  Isle  of 
Man,  10,891  fishing-boats,  manned  by  40,859  fishermen,  hundreds  of  which 
could  be  readily  converted  into  efficient  life-boats,  with  experienced  crews. 
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There  must  be  many  stations  on  our  coasts  requiring  life-boats,  ss  will 
be  seen  by  the  Wreck  Chart,  which  shows  by  spots  and  crosses  the  position 
of  the  wrecks  and  damaged  vessels  on  the  coasts  of  the  United  Kingdasi  to 
have  amounted  to  987  casualties  in  the  year  1854; — that  of  these,  431  were 
total  wrecks,  and  53  vessels  sunk  by  collision,  making  the  number  totally  lost 
484.  Of  vessels  stranded  and  damaged,  sp  as  to  be  obliged  to  discharge 
their  cargoes,  there  were  462 ;  those  by  collision,  41,  amounting  to  £03, 
making  the  total  number  of  wrecks  and  casualties  987  vessels.  The  kiss  of 
life,  as  far  as  can  be  ascertained,  amounted  to  1549  lives  in  1854*  being  ffcD 
more  than  in  the  previous  year,  while  the  number  of  vessels  lost  was  155  more 
than  in  1853. 

The  tonnage  of  these  fishing-boats  amounts  to  72,414  tons,  and  the  total 
value  of  boats,  nets  and  lines  to  £587,420,— an  aggregate  of  fishermen,  Ma- 
nage and  capital  well  deserving  the  attention  of  the  Commissioners  for  the 
British  Fisheries,  as  well  as  the  aid  of  Her  Majesty's  Government. 

This  was  afforded  when  Captain  Washington,  R.N.,  was  ordered  to  report 
on  the  loss  of  life  and  damage  sustained  by  fishing-boats  in  the  gale  of  the 
19th  of  August,  1848.  This  Report  was  published  July  1849  (pp.579), 
giving  the  statistics  of  the  Fishery  and  Boats ; — the  Secretary,  the  Honour- 
able B.  F.  Primrose,  stating  the  desire  of  the  Commissioners  to  aid  to  esta- 
blishing trial  boats  in  the  Fishery  Districts,  and  a  relative  comparison  of  the 
different  boats.  The  Report  contains  the  drawings  of  sixteen  boats,  with  two 
designed  by  Mr,  Peake,  of  Woolwich  Dockyard,  of  improved  form,  with  the 
opinion  of  practical  boat-builders  on  the  alterations  proposed. 

There  was  also  a  tabular  statement  of  the  dimensions  and  particulars  of 
thirty  boats,  affording  information  to  enable  fishermen- to  select  a  boat  that 
would  meet  the  requiremeuts  of  each  locality ;  but  as  no  attempt  was  made  to 
build  a  trial  fishing-boat,'  or  other  improvement,  it  is  doubtful  if  much  good 
has  been  effected  in  improving  our  fishing-boats;  and  only  at  two  places  have 
I  found  that  the  Report  was  at  all  known  to  the  fishermen,  while  a  few  weeks* 
observation  of  a  trial  boat  might  have  saved  some  of  the  124  boats  and  100 
lives. 

AS  TO  LIFE-BOATS. 

In  1849,  the  Tyne  Life-boat  upset  and  drowned  20  pilots,  which  led  the 
Duke  of  Northumberland  to  offer  a  prize  of  100  guineas  for  the  best  model 
of  a  Life-boat.  Captain  Washington,  R.N.,  and  a  Committee  of  Naval  Offi- 
cers and  Surveyors,  having  considered  the  merits  of  280  models  and  plan*, 
awarded  the  prize  to  Mr.  Beeching's  model,  accompanying  it  by  a  report 
His  Grace  the  Duke  of  Northumberland  gratuitously  circulated  thtttrea 
hundred  copies  of  this  Report,  accompanied  by  plans,  drawings,  and  detailed 
descriptions  of  the  best  life-boats — including  those  of  a  30-feet  boat,  designed 
by  Mr.  J.  Peake,  "  in  which,  profiting  by  the  experience  gained  in  the  ex- 
amination of  the  models,  all  the  best  qualities  of  a  life-boat  should  be  com- 
bined." The  Lords  of  the  Admiralty  ordered  that  a  life-boat  according  to 
those  lines  should  be  built  in  Her  Majesty's  Dockyard,  Woolwich. 

A  catalogue  or  tabular  return  was  furnished  of  the  280  models  and  phut 
competing  for  the  prize,  giving  their  dimensions,  weight  and  cost.  Thirty 
are  described  in  detail ;  and  then  published  plans  and  sections  of  the  internal 
life-boat  arrangements  and  disposition  of  buoyancy  of  thirteen  boats,  com- 
mencing with  Beeching's  Prize  Model,  which  is  stated  to  be  ballasted  with  two 
tons  of  water  and  half-a-ton  of  iron  keel,  by  means  of  which,  and  raised  air- 
cases  in  bow  and  stern,  it  was  stated  she  would  right  herself  when  upset 

There  are  other  life-boat  constructors  who  have  spent  much  time  and 
money  in  completing  their  inventions,  without  being  able  to  bring  them  ioto 
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practical  use,  particularly  the  Rev.  J.  S.  Berthon,  who  proposed  the  Farehara 
or  Collapsing  Life-boat.  Although  his  boats  have  been  in  use  for  three  years, 
be  has  only  succeeded  in  building  two  boats  for  Her  Majesty's  Navy,  not 
yet  placed  in  service.  Mr.  Clarkson  has  had  a  boat  in  use  for  some  time 
ob  the  coast,  constructed  of  a  mixture  of  cork  and  india-rubber.  Mr.  Asley 
has  patented  a  life-boat  of  peculiar  form,  having  a  hollow  bottom,  of  which 
a  model  is  exhibited,  and  lies  now  at  Dover.  The  fishermen's  life-boat 
before  mentioned,  built  by  myself,  has  been  tried  on  the  Mersey  for  two  years 
past,  In  the  hope  of  establishing  her  on  the  neighbouring  coast. 

In  collecting  the  statistics  of  the  design,  arrangements,  and  dimensions  of 
life-boats,  at  the  desire  of  the  British  Association,  I  have  availed  myself  of 
the  before-mentioned  Report  of  Captain  Washington  on  Fishing-boats,  in  1 849, 
and  of  the  plans  and  tabular  statements  of  dimensions  in  the  Northumber- 
land Report  on  Life-boats,  in  1851,  and  have  continued  these  to  1853,  with 
additional  particulars,  defining  the  displacement,  bulk,  space,  resistance,  and 
form,  exemplified  by  diagrams  of  midship  sections,  as  affording  a  closer  ana- 
lysis of  their  relative  sues,  proportions,  properties  and  capacity,  and  their 
comparative  efficiency. 

TABULAR  RETURN  OF  FlffHING-BOATS  AND  LIFE-BOATS. — COMPARATIVE 
PLAN  OF  MIDSHIP  SECTIONS. 

The  Tabular  Return  is  adopted  as  the  most  convenient  mode  of  re- 
cording the  design,  arrangements,  and  dimensions  of  the  life-boats  and 
fishing-boats  on  our  coasts,  adding,  for  comparison,  the  particulars  of 
Chinese,  Bombay,  Malay,  Arab,  and  American  fishing-boats,  as  to  life- 
boats. Several  of  the  most  efficient  of  the  original  life-boats,  as  well  as 
those  of  improved  construction  and  recent  design,  are  included  in  the 
Tabular  Return,  so  as  to  afford  a  comparative  analysis  of  their  respective 
properties,  which  are  further  explained  in  the  remarks  on  each  boat; 
some  by  printed  diagrams,  and  others  by  lithographed  working  draw- 
ings and  printed  descriptions,  500  copies  of  which  have  been  gratuitously 
circulated  at  the  meetings  of  the  Association  at  Liverpool,  Glasgow,  and 
Cheltenham,  and  may  now  be  obtained  by  gentlemen  interested  in  the  subject, 
in  the  hope  of  collecting  further  information  as  to  the  boats  actually  in  use 
on  the  coasts  of  England  and  Ireland.  For  the  coasts  of  Scotland,  information 
may  be  obtained  from  the  Annual  Report  of  the  Edinburgh  Board  of 
Fisheries,  who,  with  an  organized  staff  of  fishery  officers  on  the  coast,  and  the 
able  supervision  of  the  Secretary,  Mr.  Primrose,  have  done  much  to  increase 
the  fisheries  and  improve  the  harbours  on  the  coast.  These  tabular  returns 
are  made  separately,  for  the  original  life-boats  and  designs,  and  for  forming 
comparisons  with  the  other  returns  of  the  life-boats  and  fishing-boats  on  the 
coast  of  Scotland,  on  the  east  coast  of  England,  on  the  southern  coasts  of 
England  and  Wales,  and  on  the  coast  of  Ireland.  The  Annual  Report  of  the 
Commissioners  of  the  Irish  Fisheries  is  also  published. 

In  stating  the  peculiarities  and  services,  or  describing  the  boats,  they  will  be 
referred  to  by  the  initial  letteror  the  number  of  the  line  on  each  separate  return. 

A  reference  to  the  Statistical  Statement  will  show  the  position  of  the  life- 
boats and  fishing-boats  on  the  coast  in  1855;  the  Tabular  Return  will 
show  the  particulars  of  those  established  in  1856;  while,  by  inspection  of 
the  Wreck  Chart,  it  will  be  seen  where  the  life-boats  are  wanted,  or  are 
more  urgently  required ;  the  number  and  description  of  fishing- boats  on 
those  parts  of  the  coast  being  an  important  consideration  in  determining 
what  description  or  type  of  life-boat  is  most  suitable  to  those  localities,  and  in 
which  the  crews  are  likely  to  have  confidence.     In  like  manner,  the  improve- 
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ments  that  may  be  introduced  in  the  fishing-boats,  the  opinions  and  < 
prejudices  of  those  who  risk  their  lives,  and  have  practical  experience,  i" 
have  due  consideration. 

There  not  being  time  to  go  into  the  details  of  dimensions  as  shown  ia  j 
first  four  columns,  it  will  be  useful  to  state  shortly  their  relative  prop 
under  the  following  heads : — The  proportion  is  shown  by  the  ratio  of  ( 
length  and  depth  to  the  breadth  in  the  5th  and  6th  columns.    The  r 
column  shows  the  external  bulk  in  cubic  feet  to  the  height  of  the 
or  deck.     The  8th  and  9th  columns  show  the  least  draught  of 
and  the  10th  column  shows  the  area  of  the  midship  section,  the  prineid 
elements  of  resistance  combined  with  displacement.     The  1 1th  colomo  \ 
the  angle  of  rise  of  floor,  as  shown  in  the  Diagram  of  Sections.     The  If 
column  records  extra  buoyancy,  showing  their  capabilities  as  life-boats;  sad 
the  cost,  an  important  object  in  fishing-boats. 

A  view  of  this  comparative  analysis  of  the  proportions  of  twelve  life-boats 
and  ten  fishing-boats  shows  considerable  difference  in  their  proportion*, 
form  and  fitting.  Their  size,  bulk,  or  capacity  for  burthen,  seem  to  hare 
little  reference  to  the  cost  The  Scotch  fishing-boats  (Buckie)  of  1851  cubic 
feet  bulk,  cost  only  £60;  while  an  English  boat  (Deal)  of  1478  feet  bulk, 
costs  £275. 

The  lines  of  the  Masula  boat  and  Greathead's  may  be  said  to  represent 
the  type  of  the  original  life-boats  in  Asia  and  Europe — the  Masula  boat  on  the 
Madras  coast  being  the  oldest,  cheapest,  and  probably  the  best.  It  is  a  fist, 
broad  boat,  built  of  light  timber,  sewed  together  in  broad  strakes,  it*  only 
fittings  being  brushwood  in  the  bottom ;  it  goes  through  a  very  heavy  surf 
on  a  steep  beach.  Greathead's  represents  the  life-boats  of  the  last  centory. 
The  three  next  lines  represent  the  special  life-boats,  elaborately  fitted  with 
valves  and  platform,  including  the  Shields  boat,  Mr.  Beeching's  Prize  Model! 
and  Mr.  Peake's  first  boat,  altered  at  Woolwich  in  1851-52. 

The  five  next  represent  the  light  or  ship's  life-boats  of  Mr.  George  Palmer, 
M.P. ;  Costain  of  Liverpool ;  Francis  of  America ;  White  of  Cowes;  and  A. 
Henderson's  ship's  life-boat.  The  11th  line  details  the  peculiarities  of 
Beeching's  Prize  Model  boats,  which  after  several  upsets,  two  drowning  their 
crews  at  Lytham  and  Rhyl,  have  been  removed  from  all  the  stations,  or  ba*e 
had  their  fittings  altered.  That  at  Lytham  is  now  replaced  by  one  of  the 
new  boats  built  on  Mr.  Peake's  principle. 

The  peculiarities  of  Mr.  Beeching's  Prize  Model  and  the  causes  of  failure 
are  further  explained  by  a  diagram  of  midship  sections  and  fittings  appended 
to  this  Report. 

The  13th  line  gives  the  dimensions  of  Peake's  life-boats  of  1856,  with  all 
the  improvements  in  the  fittings,  obtained  from  the  experience  of  some  forty 
boats,  built  for  the  National  Life- Boat  Institution,  and  the  necessary  removal 
of  Beeching's  Prize  Model  fittings  from  all  the  life-boats  under  the  control 
of  the  Committee  of  Naval  Officers,  who  awarded  the  prize  to  the  models  in 
1851.  A  detailed  specification,  section,  body  and  sheer  plan  of  these  com- 
plete coast  life-boats  is  appended  to  this  Report. 

The  12th  line  gives  the  details  of  Henderson's  Fishermen's  life-boat,  built 
at  Liverpool  in  1852,  with  experimental  alterations  made  in  1853  and  1854* 
after  trials  on  the  coast  by  fishermen  as  to  rig  and  fitting ;  the  improvements 
being  mainly  the  adaptation  of  the  Chinese  system  of  stretchers  to  the  lot; 
sails  now  used  on  our  coasts,  with  moveable  step  to  the  mast,  so  extensively 
used  by  Chinese  fishing-boats.  There  is  also  an  iron  drop-keel,  as  used  in 
American  boats.  The  proportions  and  forms  of  the  boat  are  a  modification 
of  those  of  the  Shetland  fishing-boat  and  Yorkshire  cobble. 
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The  life-boat  fittings  are  the  result  of  practical  experience  in        

tion  to  Francis's  corrugated  iron  boats,  and  costly  alterations  in  this  boat  for 
combining  the  buoyancy  of  timber  with  the  strength  of  angle-iron  frames. 
The  life-boat  fittings  are  so  arranged  as  not  to  interfere  with  her  usefulness 
as  a  fishing-boat,  white,  being  only  loose  cork  and  casks,  they  can  be  placed  in 
the  boat  while  the  life-boat's  crew  are  collecting.  A  full  description  with 
section  and  sheer  plan  is  appended  to  this  Report ;  and  a  lithographic  spe- 
cification and  building  draft  of  this,  as  well  as  of  the  ship's  life-boat,  has  been 
circulated  amongst  those  interested  in  building  and  improving  boats.  There 
will  be  found  on  the  back  of  the  Tabular  Return,  a  lithographic  comparison 
of  the  midship  section  and  water-lines  of  most  of  the  life-boats  enumerated, 
including  the  Tubular  Life-boat, •  Challenger,'  designed  by  Mr.  Richardson, 
one  of  which  is  now  stationed  at  Rhyl. 

There  are  also  the  midship  sections  of  the  following  fishing-boats — (the 
proportion,  bulk,  displacement  and  arc  of  midsection,  are  recorded  in  the 
Tables): — Buckie  Herring  boat;  Tobermory  open  boat;  Aberdeen  and 
Newhaven  open  boats ;  the  Deal  lugger ;  Penzance  or  Cornish  fishing  lugger ; 
the  Chinese  fishing-boat ;  and  the  Bombay  fishing-boat 

The  Tabular  Return  contains  the  builders  and  stations  in  1856  of  all  the 
life-boats  stationed  on  the  coast,  from  the  record  of  the  Board  of  Trade 
and  Royal  National  Lifr-Boat  Institution. 

It  is  to  be  hoped  that  by  a  continuation  of  these  inquiries  we  may  obtain 
the  same  information  as  to  the  fishing-boats  on  our  coasts  as  we  now  have 
as  to  life-boats ;  for  although  it  has  occupied  seven  years  to  bring  the  life- 
boats to  their  present  state  of  efficiency,  it  may  be  expected  to  take  a  much 
longer  time  to  promote  an  improved  construction  of  fishermen's  boats,  inas- 
much as  while  the  number  of  life-boats  is  under  300,  that  of  fishing-boats 
exceeds  10,000. 

The  initiation  was  taken  in  1849,  by  the  publication  of  Capt  Washington's 
Report  and  plans  of  fishing-boats,  but  no  progress  has  been  since  made ;  the 
only  public  body  in  any  way  representing  the  fishermen  on  our  coasts  being 
the  Fishing  Board  of  Scotland,  which  has  mainly  directed  its  attention  to  the 
caring  of  fish  and  to  the  improvement  of  the  harbours. 

Moreover,  the  Fishing  Board  being  subject  to  parliamentary  inquiry,  and 
uncertain  as  to  its  being  maintained,  may  have  prevented  any  efforts  at  im- 
provement. A  Commission  which  was  appointed  in  1856,  and  whose  report  was 
published  in  1857,  has  confined  its  inquiries  to  the  expediency  of  continuing 
the  Board,  and  to  the  grants  for  harbours.  We  must  look  to  private  efforts 
and  enterprise  to  effect  any  improvement  in  fishermen's  boats,  and  follow  the 
example  set  by  the  Duke  of  Northumberland,  in  offering  a  premium  for  the 
best  fishermen's  boat,  and  give  effect  to  the  competition  by  building  experi- 
mental trial  boats  suited  to  the  different  localities,  and  making  such  altera- 
tions as  practice  proves  necessary  to  meet  the  requirements  of  each  fishing 
station. 

This  system  has  been  carried  out  so  admirably  with  life-boats,  that  I  will 
briefly  detail  the  progress  of  improvement,  by  describing  the  original  Prize 
life-boat  that  was  considered  the  best  of  260  models  submitted  for  competi- 
tion to  a  committee  of  naval  officers,  who  printed  an  able  report,  of  which 
1300  copies  were  circulated  by  the  Duke  of  Northumberland.  After  costly 
alterations  in  the  Northumberland  life-boat  at  Woolwich,  and  many  repeated 
alterations  in  form  and  fitting,  and  after  constructing  40  boats,  Mr.  Peake  of 
Woolwich  Dockyard  perfected  the  design  which  is  illustrated  by  the  accom- 
panying Diagram  and  Plan,  and  shown  in  the  model  on  the  table  and  plans 
on  the  wall. 
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.  The  peculiarities  of  Mr.  Beeching's  model  and  patent  mode  of  fitting  life- 
boats will  be  seen  by  reference  to  the  annexed  diagram  of  the  midship  see* 
tion,  from  a  drawing  and  specification  of  a  28-feet  boat,  which  was  tried  it 
Woolwich  dockyard  in  November  1851,  in  the  presence  of  the  Committee 
who  awarded  the  prize.  This  boat,  estimated  at  22  cwt,  weighed  29}  cwt, 
and  with  oars,  sails,  and  crew,  50  cwt  She  had  1 9  cwt  of  water  ballast,  and 
when  upset  under  a  crane  righted  herself  readily.  With  crew  on  board,  she 
drew  20  to  21  inches  of  water,  the  tubes  admitting  water  4  or  5  inches  oa 
top  of  platform.  (See  diagram.)  This  boat  was  sent  to  Teignmouth  and 
tried  15th  January,  1852,  and  when  turned  over  under  the  crane  laid  bottom 
up  three  or  four  minutes,  and  with  a  crew  of  twelve  men  the  water  rose  to 
within  2  inches  of  the  thwarts.  In  December  1851,  the  Lytham  boat,  of 
the  same  dimensions,  was  tried  at  Liverpool,  and  when  upset  under  the  crane 
she  righted  herself;  but  on  the  suggestion  of  Mr.  Beeching,  some  fourteei 
or  sixteen  men  getting  on  one  side,  she  upset,  and  remained  bottom  up  three 
or  four  minutes,  till  assisted  by  the  Liverpool  life-boat  men,  moat  of  whew 
expressed  their  opinion  that  she  would  prove  dangerous, 

Beeching* 9  Prize  Life-bouL 


In  1852  the  Shipwrecked  Fishermen's  Society  sent  the  Prize-model  boats  to 
Tenby,  Llanelly,  Port  Madoc,  and  Newhaven.  The  annexed  midship  section 
of  one  of  these  boats  shows  their  form  and  fittings.  The  results  of  their  trial 
being  most  important,  I  will  here  give  a  description  of  one  of  them.  The 
platform,  or  air-tight  deck,  is  one-third  of  the  depth  above  the  bottom.  The 
principal  feature  is  the  water-ballast  tank,  extending  over  three-sevenths  of 
the  length  and  three-fifths  of  the  breadth  amidships.  A  28-feet  boat  will 
contain  upwards  of  a  ton  of  water.  The  air  space  at  the  side  and  end  b 
obtained  by  filled  bladders.  Eight  4-inch  tubes  pass  through  the  bdhst- 
tank  and  bottom,  relieving  the  boat  of  water  to  the  level  of  flotation. 
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Practically,  all  Beeching's  boats  retain  the  water  at  a  level  of  4  or  5  inches 
above  die  platform  for  three-fifths  of  the  breadth,  as  shown  on  the  diagram, 
and  thus,  when  under  sail,  or  laid  over  by  a  sea,  this  water,  shifting  to 
leeward,  acts  as  a  counter- ballast ;  and,  as  seen  in  the  diagram,  the  Teign* 
month  boat,  with  an  inclination  of  17°,  would  have  her  lee  gunwale  immersed, 
and  of  some  three  tons  of  water  above  the  platform  four-fifths  would  be  on 
the  lee  side ;  and  should  the  compartments  under  the  platform  not  be  per- 
fectly tight,  the  water  ballast  would  also  shift  to  the  lee  side,  leaving  air  or 
vacuum  on  the  weather  side, — the  alternate  pressure  of  which  and  the  water 
on  the  platform  actually  draws  the  oakum  from  the  seams. 

The  self-righting  power  of  Beeching's  boats  was  obtained  in  the  Prize* 
model  by  very  large  air-compartments  in  the  bow  and  stern,  occupying  two- 
fifths  of  the  length  and  as  high  as  the  stem  above  the  gunwales,  as  shown  in 
the  midship  section ;  these  compartments  containing  SO  to  60  feet  of  air  or 
buoyancy,  forced  the  boat  to  right  herself  when  turned  over  or  upset ;  but 
experience  proves  that  when  often  repeated,  or  in  a  sea  way,  its  efficiency 
was  neutralized  by  leakage,  the  increased  weight  of  the  boats  rendering  as- 
sistance necessary  to  right  them.  This  is  illustrated  by  the  diagram,  where 
the  curved  line  shows  the  position  of  the  end  air-cases  from  stem  to  gunwale, 
which,  when  the  boat  is  turned  over,  would  be  immersed  to  the  level  of  the 
thwarts. 

SPECIAL  COAST  LIFE-BOAT. 

The  Coast-Guard  Life-boats  include  Hink's,  Plenty,  and  Howden's  model, 
the  modification  of  the  Admiralty  boat,  built  also  by  Mr.  Peake,  and  the 
many  boats  since  built  for  the  National  Life-Boat  Institution. 

The  result  of  Mr.  Peake's  experiments  is  shown  by  his  last  boat  being  four 
times  as  long  as  she  is  broad,  with  a  flat  floor  and  straight  sides,  but  fine  lines 
in  bow  and  stern,  with  a  considerable  sheer  of  gunwale.  The  planking  is  of 
diagonal  pine,  and  there  is  a  water-tight  platform  or  deck,  one-third  the 
depth,  resting  on  four  stout  pine  bulkheads  athwart  the  boat,  secured  to  the 
bottom  to  form  air-tight  compartments  in  bow  and  stern,  the  bilge  spaces 
being  filled  with  blocks  of  light  pine,  instead  of  cork  or  boxes  as  heretofore. 
In  the  midship  part  of  the  platform  is  a  covered  well,  containing  anchor,  cable 
and  stores,  with  air-boxes  at  the  sides  under  the  thwarts,  and  air-compartments 
in  bow  and  stern  up  to  height  of  gunwale.  These  assist  in  giving  the  power 
of  "self-righting,"  and  are  aided  by  a  thick  cast-iron  false  keel,  bolted  to 
keel  bottom  and  keelson,  and  weighing  about  1  cwt  to  every  S  feet  of  length. 
The  boat  frees  itself  of  water  by  six  tubes  through  the  bottom  fitted  with 
self-acting  relieving  valves  at  the  height  of  the  platform.  She  is  fitted  to 
steer  with  oars,  and  to  pull  eight  to  twelve  oars  double-banked,  to  carry  a  small 
log  sail,  and  is  provided  with  improved  life-belts,  waterproof  coats  and  boots, 
and  everything  requisite  for  the  special  service  of  a  life*  boat  at  most  of  the 
stations  on  our  coasts. 

Thus  it  will  be  seen  that  the  repeated  experiments  of  Mr.  Peake  and 
myself  have  led  to  the  adoption  by  both  of  a  model  very  similar  in  its  details, 
the  only  difference  being,  that  whereas  Mr.  Peake's  is  intended  for  a  coast 
life-boat  only,  useful  for  no  other  purposes,  mine  is  for  giving  to  a  fisher- 
man's boat  the  properties  of  a  life-boat  when  requisite. 

The  annexed  diagrams  show  the  general  form  and  the  nature  of  the 
fittings  and  air-chambers  of  one  of  Mr.  Peake's  Life-boats,  SO  ft.  in  length, 
tod  7  ft.  6  in.  in  breadth. 

In  Figs.  1  and  %  corresponding  to  the  elevation  and  deck  plans,  the 
general  exterior  form  of  the  boat  is  seen,  showing  the  sheer  of  gunwale, 
length  of  keel,  and  rake  or  slope  of  stem  and  stern-posts.     The  dark  dotted 
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lines  in  Fig.  1  alio  show  the  position  and  dimensions  of  the  air-chamben 
within-board  and  of  the  relieving  tubes. 

a  represents  the  deck,  b,  the  relieving  tubes  (6  in.  diameter),  c,  the 
side  air-cases,    d,  the  end  air-chambers. 

In  Fig.  3,  the  exterior  form  of  transverse  sections  at  different  distances  fan 
stem  to  stern  is  shown,    fig.  4  represents  a  midship  transverse  section. 

A  represents  sections  of  the  side  air-cases  already  described. 

b,  the  relieving  tubes,  bored  through  solid  massive  chocks  of  wood,  of  the 
same  depth  as  the  space  between  the  deck  and  the  boat's  floor. 

c,  spaces  beneath  the  deck,  filled  up  over  6  ft  in  length  at  the  midship 
part  of  the  boat  with  solid  chocks  of  light  wood,  or  boxes  of  cork,  forming 
a  portion  of  the  ballast,  as  before  described. 

d,  a  section  of  a  tier  below  the  deck,  having  a  moveable  hatch  or  lid,  in 
which  the  boat's  cable  is  stowed,  and  into  which  all  leakage  beneath  the 
deck  is  drained  through  small  holes,  with  valves  fixed  in  them.  In  some 
of  the  latter  boats,  a  small  draining  tier  only  is  placed,  having  a  pump  is  it, 
by  which  any  leakage  can  be  pumped  out  by  one  of  the  crew  whilst  afloat 

The  proportions  of  one  of  these  boats  are  as  follows : — 
Length,  30  ft.    Beam,  7  ft.  6  in.  -  Depth  amidships,  3  ft.  4  in.,  exclusive 
of  keel.    Depth  from  boat's  floor  to  deck,  1  ft  S  in.    Depth  from  deck  to 
thwarts,  1  ft.  3  in.    Depth  from  thwarts  to  gunwale,  10  in.    Length  of  cod- 
cases  (d),  4  ft.    Width  of  side-cases  (c),  extreme,  1  ft.  6  in. 

Fig.  3. 


Body  Flan. 


Midahip  Section. 


The  festooned  lines  in  Fig.  1  represent  exterior  life-lines  attached  round 
the  entire  length  of  the  boat,  to  which  persons  in  the  water  might  cling 
until  they  could  be  got  into  the  boat :  the  two  central  life-lines  are  festooned 
lower  than  the  others  to  be  used  as  stirrups,  so  that  a  person  in  the  water 
could  more  readily,  by  stepping  on  them,  get  into  the  boat,  which  is  a  very 
difficult  operation  for  even  a  strong  man  to  effect,  with  heavy,  wet  dotho 
about  him. 

It  may  be  observed,  that  several  lighter  boats  have  been  lately  constructed 
on  Mr.  Peake's  design,  of  the  dimensions  and  proportions  of  the  Coast-guard 


320  REPORT — 1857-  . 

galley ;  and  there  can  be  no  doubt  that  if  every  coast-guard  station  were 
provided  with  boats  built  and  fitted  on  this  principle,  a  very  great  advantage 
would  accrue,  in  the  more  safe  and  effective  boats  for  the  use  of  the  coast- 
guard, while  the  number  of  efficient  life-boats  on  the  coasts  of  England, 
Ireland  and  Scotland  would  be  at  once  doubled! 

fishermen's  life-boats.  * 

These  are  proposed  to  be  formed  by  the  addition  of  moveable  corks  and 
casks  to  the  fittings  of  the  various  fishing-boats  in  use  on  different  parts  of 
the  coast,  the  practicability  of  which  is  shown  by  the  model  of  the  boat  built 
at  Liverpool  in  1852,  which  is  a  modification  of  the  Life- boats  of  that  port, 
of  the  Shetland  Fishing-boat,  and  the  Yorkshire  Cobble. 

In  order  to  carry  out  this  object,  and  to  test  the  usefulness  of  the  prin- 
ciples and  alterations  I  advocated,  I  designed  a  boat  in  which  the  properties 
of  a  life-boat  could  be  applied  to  the  fishing-boats'  in  use  on  our  coast, 
without  impairing  their  utility  for  the  purposes  of  each  locality,  or  much 
increasing  their  cost.  In  March  1852  the  boat  was  building  at  Liverpool, 
and  I  took  for  her  type  the  life-boats  of  that  port,  the  fishing-boats  of  the 
Shetland*,  and  the  North-country  cobble,  so  as  to  obtain  a  light  draft  of 
water,  and  facilities  in  landing  on  a  beach. 

Her  dimensions  are — length,  28  feet ;  breadth,  7  feet ;  depth,  S  feet  6  in.; 
sheer  of  gunwale,  26  inches;  external  bulk  to  gunwale,  568  cubic  feet; 
displacement  when  loaded  to  two-thirds  of  her  depth,  71  tons,  discs 
built  of  larchjplanks,  on  eight-angle-iron  frames,  having  bulkheads  athwart 
the  boat  to  one-third  of  the  depth.  The  annexed  diagrams  show  this,  sad 
also  exhibit  the  form  and  outside  planking,  angle-iron  bilge,  and  false  keel 
with  iron  drop  or  sliding-keel,  and  also  the  internal  fittings  of  platform 
over  bulkhead,  wells,  and  tanks,  the  latter  one-third  the  breadth  and  one- 
fourth  the  depth  amidships.  The  diagrams  also  show  the  disposition  of 
extra  buoyancy  of  fishermen's  cork  life-buoys  in  bilge,  and  the  position  of 
the  air-casks  under  the  thwarts,  with  self-acting  valves  to  relieve  the  water 
to  the  level  of  flotation,  and  pumps  to  discharge  the  water  below. 

The  peculiarities  of  construction  are  the  substitution  for  numerous  small 
timbers  of  seven  or  more  angle-iron  frames^  with  bulkheads  one-third  the 
depth,  which  give  strength,  and  divide  the  length  into  water-tigjit  com- 
partments, admitting  fore-and-aft  partitions.  These  divide  the  breadth  of 
the  boat  into  side-bilge  and  bottom  compartments,  the  latter  only  being 
water-tight,  with  two  water-ballast  tanks  of  29  cubic  feet  amidships,  one- 
third  the  breadth  at  bottom  and  one-fourth  at  top,  as  shown  in  diagram. 
When  empty  they  would  have  an  extra  buoyancy  of  16  cwt.  While 
full  they  would  act  as  water-ballast,  or  be  used  as  fish-wells  by  fishing-boat*. 
Three  smaller  open  wells  collect  the  water,  the  centre  one  containing  two 
relieving  valves  and  two  pumps,  that  clear  both  boat  and  ballast-tanks  of 
water. 

Self-righting  power  was  attained  by  four  air-casks,  secured  above  the 
thwarts  in  bow  and  stern,  weighing  50  lbs.  each,  and  displacing  30  cubic 
feet  or  17  cwt.  of  water,  when  the  boat  is  turned  over  by  the  sea.  The 
annexed  sheer  plan  of  stern  of  boat  exhibits  the  disposition  of  air-casks 
and  iron  false  keel  above  and  below  the  water-line,  which,  when  the  boat 
is  bottom  up,  displace  half  the  weight  of  the  boat  before  the  gunwale 
is  immersed,  and  counterbalanced  by  the  ballast,  cause  the  boat  to  right 
herself. 

To  test  the  combination  of  fishing-  and  life-boat  fittings,  the  boat  wis 
placed  at  the  disposal  of  Spur  fishermen  experienced  in  the  estuary  off  the 
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Mersey  and  the  Dee,  and  employed  in  trawling  off  Hoylake,  in  company 
with  numerous  fishing-boats,  which  were  made  shorter  and  of  greater 
breadth,  drawing  2  to  3  feet  more  water,  and  having  three  to  five  tons  of 
stone  ballast.  On  trial,  the  "  Life-boat "  held  good  way  with  the  fishing-boats 
while  dragging  the  trawl,  but  when  beating  to  windward,  the  deep-keel 
fishing-boats  were  more  weatherly ;  and  the  fishermen  stated  that  the  life- 
boat was  too  buoyant  or  floaty,  and  that  there  was  difficulty  in  keeping  the 
fish-wells  water-tight 

To  obviate  these  objections,  the  bulkheads  and  partitions  of  wells  were 
secured  to  bottom,  the  angle-iron  false  keel  and  drop  keel  being  substituted 
for  the  flat  false  keel,  increasing  the  weight  3  cwt  These  have  been  found 
to  answer  the  purpose  intended,  the  boat  retaining  her  self-righting  power, 
while  at  the  same  time  the  sliding  keel  makes  her  more  weatherly  and  stiff 
when  down,  and  admits  of  the  boat  being  sailed  into  shoal  water.  She  was 
allowed  to  take  the  ground  on  a  rocky  bottom  without  injury  in  a  close  reef 
breeze. 

Hendersons  Fishermen's  Life-boat,  built  at  Liverpool.— Midship  section. 
Scale,  \  inch  to  afoot. 


The  advantage  of  the  sliding  keel,  both  to  fishing-  and  life-boats,  was 
exemplified  last  year  by  the  unfortunate  loss  of  one  of  the  crew  of  the  Liver- 
pool Life-boat,  near  Formby,  who  had  gone  out  fishing  in  one  of  the  small, 
but  deep  draft  fishing-boats  with  his  son,  and  was  obliged  to  attempt  to  land 
on  a  sandbank,  the  boat  drawing  so  much  water  when  she  took  the  ground,  that 
the  sea  turned  her  over  and  drowned  him.  With  the  sliding  heel  up,  the 
"  Fishermen's  Life-boat"  would  have  taken  the  ground  in  about  two  feet  of 
water,  where  the  sea  would  hardly  have  depth  to  turn  the  boat  over,  or  pre- 
vent the  crew  landing.  With  the  sliding  heel  down,  the  "  Fishermen's  Life- 
boat9'would  have  crossed  Rhyl  bar,  under  sail, without  upsetting,as  Beeching's 
Prize  Life-boat  did,  on  the  22nd  of  January,  1853,  by  rolling  over  to  wind- 
ward and  remaining  bottom  up  till  six  of  the  crew  were  drowned. 

From  investigation  on  the  spot,  and  from  the  survivors,  the  upsetting  is 
clearly  traceable  to  the  weight  of  water  above  the  platform,  and  water-ballast 
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below  moving  to  windward  with  the  roll.  This  destroyed  the  stability  and 
overcame  the  buoyancy,  as  it  had  before  done  in  so  many  trials  of  Beech- 
i rig's  boats*  The  principle  of  the  latter  is  now  condemned  by  the  alteration 
of  nearly  all  the  boats  he  has  built  for  the  Duke  of  Northumberland,  Rams- 
gate,  and  the  "  Shipwrecked  Fishermen's  Society,"  who  ordered  this  boat 
for  the  Rhyl  station  in  preference  to  accepting  my  offer  to  place  at  their 
disposal  my  Fishermen's  Life-boat 

8HIP8*  LIFE-BOAT. 

The  magnitude  of  our  mercantile  marine,  the  great  increase  in  the  size  of 
our  ships,  the  number  of  steamers,  and  our  numerous  sea-going  population, 
make  the  exhibition  of  an  improved  construction  of  "ships'  life-boat"  a  great 
desideratum.    Following  in  the  steps  of  my  respected  friend,  the  late  George 


Henderson* $  Ships*  Life-boat. — Scale,  fyhs  of  an  inch. 


Palmer,  Esq.,  I  have  designed  a  plan  and  specification  of  a  ship's  life-boat, 
with  a  view  to  apply  the  properties  of  a  life-boat  to  the  ships'  boats  in  ordi- 
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nary  use  at  sea.  Bearing  in  mind  the  necessity  of  their  being  light  and 
strong,  and  the  fittings  such  as  can  be  easily  repaired  or  renewed  without 
increasing  the  cost  of  the  usual  boats,  I  have  designed  her  to  be  buBt  of  light 
pine,  clench  built,  on  eight  angle-iron  frames,  riveted  to  an  angle-iron  keel 
on  stem  and  stern  plate,  also  to  an  angle-iron  stringer  under  the  thwam, 
and  an  angle-iron  gunwale  piece.  Bulkheads  of  pine  are  riveted  athwart 
the  frames,  one-fourth  the  depth  from  keel  and  one-eighth  the  breadth  under 
the  thwarts.  The  disposition  of  planking  and  internal  fittings  are  shown  in 
the  annexed  diagram  of  the  main  breadth  section  of  a  medium-sized  host, 
28  feet  long,  7  feet  broad,  and  S  feet  6  inches  deep,  having  10°  rise  of  floor, 
with  the  little  hollow  near  the  keel ;  the  sheer  of  gunwale  an  inch  to  a  foot; 
the  water-lines  hollow  forward,  one  straight  aft ;  eight  thwarts,  S  feet  6  inches 
apart 

The  buoyancy  is  comprised  in  side  compartments,  between  a  rising  plank 
fore-and-aft  under  the  thwarts  (between  the  bulkheads,  £th  of  the  breadth 
broad),  and  a  fore-and-aft  platform  over  the  bulkhead  at  the  bilge;  the 
bow  and  stern  partitions  to  be  made  up  by  a  side  plank,  as  shown  on  the 
section ;  between  midship  thwarts  to  be  filled  by  six  air-casks  or  water- 
breakers  ;  the  bilge  below  the  platform  to  be  filled  with  cork :  the  plan  will 
show  the  position  of  the  air  compartments  in  bow  and  stern.  The  weight 
of  this  boat  is  calculated  at  one  ton,  and  it  will  displace  about  five  tons 
and  when  filled  to  the  level  of  thwarts  with  water  will  have  buoyancy  suf- 
ficient to  carry  thirty  men. 

The  small  diagram  shows  a  zinc  plug,  of  simple  construction,  intended 
to  be  screwed  to  the  bottom  plank,  where  the  usual  cork  or  wooden  plug 
is  placed  ;  but  as  the  former  gets  lost,  and  the  latter  often  splits  the  plank, 
the  zinc  plug,  which  closes  by  turning  a  flat  ridge  over  the  faced  collar  or 
hole,  secured  by  screw,  and  costs  only  1*.  6d.,  is  preferable.  I  am  assured 
that  the  boats  can  be  built  for  18*.  to  24*.  a  foot,  by  the  boat-builders  usually 
employed  in  building  ships'  boats,  on  a  plan  and  specification  which  have 
been  lithographed  and  distributed,  in  the  hope  of  inducing  shipowners  to 
make  trial  of  such  a  combination  of  wood  and  iron  as  will  give  the  greatest 
strength  with  the  least  weight. 

Lowering  Ship's  Boat. — With  respect  to  this  very  important  question, 
after  much  experience  I  am  convinced  that  the  mode  adopted  by  whalers  if 
the  simplest  and  best  That  mode  consists  in  strong  davits,  a  good  purchaie 
of  two  large  threefold  blocks,  with  swivel  hooks,  into  a  shackle  at  the  top  of 
the  stem-  and  stern-post.  The  boat  to  hang,  as  will  be  seen  in  the  annexed 
diagram  of  a  ship's  side,  with  the  usual  iron  davits  and  quarter-boats. 

Our  large  steamers,  transports,  and  emigrant  ships,  might  carry  a  sufficient 
number  of  these  boats  at  davits,  with  the  addition  of  a  collapsing  life-boat 
stowed  outside  the  bulwark,  with  separate  davits,  as  shown  in  the  diagram 
annexed,  to  enable  them  to  be  provided  with  the  means  of  saving  all  on 
board  in  case  of  wreck  or  fire. 

The  Rev.  J.  S.  Berthon,  of  Fareham,  having  for  years  devoted  much  time, 
labour,  and  money  to  the  perfection  of  his  invention,  the  following  brief 
description  is  offered  in  explanation  of  the  diagram  of  his  collapsing  file- 
boat,  for  providing  abundant  boat  accommodation  to  all  sea-going  ships:— 

The  framework,  which  is  made  of  wood,  with  bands  and  fastenings  of 
metal,  is  composed  of  longitudinal  timbers  running  the  whole  length,  and 
hinged  at  their  ends  to  each  other,  and  to  the  top  of  the  stem-  and  stern- 
post,  as  in  expanded  boats.  They  are  broad  and  deep,  and  extend  two  skins 
of  a  very  strong  flexible  waterproof  material,  the  outer  skin  being  firmly 
attached  to  their  outer  edges,  c,  and  the  inner  one  to  their  inner  edges.  The 
whole  body  of  the  boat  is  thus  divided  into  as  many  water-tight  longHndiml 
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compartments  as  there  are  spaces  (usually  eight)  between  the  timbers. 
These  air-cells  fill  themselves  with  air  in  the  act  of  expansion,  e.     The 

Conveying  Ships'  Life-boats  at  Davits. 


Berthons  Collapsing  Boat. 

mode  of  hanging  is  shown  in  the  annexed  diagram  of  life-boat ;  p  and  k 
representing  the  lowering  machine  inside,  and  the  boat  in  a  collapsed  state 
outside  the  bulwark  of  the  ship,  admitting  of  another  boat  being  carried  at 
the  usual  davits. 

The  extension  of  this  boat,  which  is  instantaneous  when  its  weight  is 
allowed  to  fall  upon  certain  slings  or  spans  attached  to  its  gunwales,  requires 
no  exertion  of  manual  strength,  and  it  is  kept  permanently  open  by  the 
thwarts,  bottom  boards,  and  certain  gunwale  stanchions. 

The  space  required  to  stow  these  boats  (viz.  outside  the  ship's  bulwarks 
with  strong  strappings)  is  about  one-sixth  of  their  width  when  open,  so  that 
numerous  boats  can  thus  be  carried  in  constant  readiness,  and  when  in 
action  they  are  inferior  to  none  in  buoyancy,  safety,  general  efficiency  as 
life-boats,  and  speed  under  sail  or  oars.  The  cost  is  about  the  same  as  that 
of  the  best  ships'  life-boats. 

These  boats  have  been  most  favourably  reported  on  by  the  officers  of  Her 
Majesty's  Dockyard  at  Portsmouth,  by  order  of  the  Admiralty,  and  some 
large  jMnnaoes  on  this  principle,  now  built  for  the  Government,  will  be  shortly 
under  trial  in  the  Royal  Navy. 
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STANDARD    FOR    SHIPS    LIFE-BOATS. 

The  necessity  of  establishing  a  Standard  for  Ships9  Life- Boats,  tad  At 
organization  of  a  Committee  to  investigate  the  question  as  to  Impraed 
Means  of  Lowering  Ships'  Boats,  and  providing  Life-preserving  Appa- 
ratus on  board  British  Ships, 

The  first  efforts  to  establish  ships'  life- boats  were  made  by  the  late  Gesrtt 
Palmer,  Esq.,  M.P.  for  Essex,  in  1828,  when  in  command  of  East  lad* 
Company's  ships,  on  board  which,  and  by  the  National  Life-Boat  Instiftatisn, 
they  were  adopted.  Mr.  Palmer  circulated  a  sketch  and  specification  of  hit 
boat  and  fittings,  the  extra  buoyancy  consisting  of  air-cases  and  casks  io  the 
wings,  bow  and  stern,  and  under  the  thwarts.  She  was  built  as  a  whafe- 
boat,  sharp  at  both  ends,  so  as  to  be  carried  at  davits  with  convenience. 

The  second  effort,  in  1850,  was  the  adoption  of  corrugated  metal  bsete, 
patented  by  Mr.  Francis  of  New  York.  These  are  largely  employed  bf 
Government  on  the  coast  of  America;  and  by  an  Act  of  Congress,  passes* 
ger~ships  are  compelled  to  carry  a  certain  number  of  these  boats. 

Machinery  is  now  being  erected  at  Liverpool  for  the  formation  of  taste 
iron  boats  by  hydraulic  pressure,  as  well  as  of  a  ship's  quarter-boat  (PI.  V.), 
and  as  these  corrugated  iron  boats  remain  uninjured  by  the  weather  or  the 
heat  of  the  boiler,  they  are  largely  used  by  steamers  and  passenger  ships. 

Of  the  280  models  competing  for  the  Northumberland  prize  in  1851* 
Messrs.  White's,  of  Cowes,  models  have  proved  admirable  ships'  life-boat* 
with  air-compartments  between  bilge  and  gunwale.  Many  are  in  ase  by  the 
steam  companies,  but,  from  their  high  cost,  do  not  come  into  general  use  the 
air-compartments  occupying  most  of  the  space,  and  being  difficult  to  repair. 

The  principal  life-boats  now  carried  by  steamers,  passenger*  and  emigrant- 
ships  are  generally  far  inferior  to  the  above,  their  extra  buoyancy  being 
merely  copper  or  zinc  cylinders  placed  under  the  thwarts;  these  are  again 
boxed  in  by  planks.  Even  with  this  protection  it  appears,  from  modi  expe- 
rience, that  the  copper  cannot  be  depended  on  for  more  than  one  year;  and 
no  dependence  at  all  can  be  placed  on  the  sine  tube  or  cylinder.  These  air- 
cases  or  tubes  are  in  most  life-boats  placed  so  high  in  the  boat  as  to  be  of 
little  effect — in  fact  they  are  only  life-boats  in  name,  and  not  in  reality. 

The  origin  of  this  evil  is  to  be  found  in  one  of  the  many  inconsistencies 
in  the  Merchant  Shipping  Act  of  1854,  some  of  the  580  clauses  of  which 
enact  that  any  ship  carrying  more  than  ten  passengers  shall  be  provided  with 
life-boats  and  life-belts,  but  in  no  way  define  the  fittings  and  characteristic) 
of  the  life-boats  to  be  carried. 

The  limit  to  passenger-ships  excludes  more  than  half  the  96fiQQrBmtkk 
vessels,  and  there  is  no  provision  for  the  crews  of  the  thousands  of  skint 
with  fewer  than  ten  passengers. 

What  is  more  extraordinary  still,  there  is  no  officially-recognized  standard 
according  to  which  the  life-boat  should  be  constructed.    The  EmigrstH* 

Office  has  some  discretionary  power,  but  practically  it  has  come  to  a 

question  of  whether  the  zinc  tubes  should  be  10  on  6  inches  in  di 
and  with  the  owners  it  is  a  code  of  £  *.  d.  In  the  majority  of  cases, 
ship  is  taken  up  by  Government,  or  a  life-boat  is  required  under  the 
gers'  Act,  experience  has  shown  the  usage  to  be  for  the  owner  or  agent  to 
look  for  the  smallest  and  cheapest  fitted  boat  that  will  be  passed  as  a  life- 
boat under  the  Act,  or  to  the  fitting  of  the  ships  boats  with  the  appeanaee 
of  a  life-boat  by  placing  a  light  pine  bulkhead  on  each  side  from  the  bilge 
to  the  thwart,  with  a  covering  at  that  height  between  them.    In  the  best  of 
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these  boats  the  space  between  this  planking  is  filled  with  copper  or  zinc 
cases;  bat  in  many  of  them  it  is  only  partially  filled  with  zinc  tubing  10  to 
6  inches  diameter,  and  in  some  only  with  cork  shavings,  so  as  to  be  wholly 
inefficient  when  new,  and  liable  to  be  injured  and  become  sodden  and  lose 
all  buoyancy  in  a  year. 

By  inquiries  of  those  interested  in  shipping,  any  one  may  satisfy  himself  that 
this  is  the  present  position  of  the  legal  part  of  the  question ;  and  a  walk  round 
the  harbours,  quays,  or  docks,  and  inspection  of  some  of  the  vessels,  will  lead  to 
the  following  conclusions  as  to  the  presentpractice  on  board  merchant-ships: — 
That  the  provision  of  life-boats  at  all  is  quite  an  exception ;  that  the 
principal  ships  in  the  passenger  and  American  trade  have  ceased  to  carry 
large  long-boats  and  yawls  on  their  decks,  but  have  substituted  deck-houses 
and  two  light  boats  on  the  top,  and  often  two  more  on  beams  over  the 
quarter-deck,  bottom  up. 

That  sailing-ships  have  usually  one  pair  of  iron  boat's  davits  on  each 
side,  some  having  two  pairs ;  while  steamers  and  screw  vessels  have  three, 
and  some  of  the  larger  four  pairs  of  davits  each  side ;  this  innovation  being 
necessary  from  the  increased  length  and  depth  of  modern  vessels,  while  the 
numerous  passengers  or  emigrants  now  carried  by  each  render  it  more  im- 
perative that  proper  provision  be  made  for  the  preservation  of  the  lives  of 
all  on  board,  in  case  of  accident  to  ship  or  machinery. 

It  is  curious  to  observe  in  the  ships  in  the  docks,  that  while  great  improve- 
ment has  taken  place  in  the  mechanical  arrangements  connected  with  the 
sails  and  engines,  no  attention  seems  to  be  paid  to  the  application  of  expe- 
rience or  science  where  the  safety  of  life  is  to  be  secured,  by  the  suitable 
construction  of  boats'  davits  and  fittings,  and  the  application  of  buoyancy 
to  life-boats. 

It  will  be  seen  that  in  nearly  all  the  ships  and  steamers,  the  boats'  davits 
are  only  a  thick  bar  of  round  iron,  with  the  head  bent  at  right  angles  S  or 
4  feet,  having  a  double  or  threefold  block  bolted  to  the  end ;  with  a  tackle- 
block  having  an  iron  stop  and  hook,  the  boat  beinc  attached  to  the  tackle 
by  a  chain  sling,  into  which  the  tackle-block  hooks ;  the  difficulty  being, 
that  before  the  boat  can  be  cleared  of  the  tackle  in  a  sea-way  or  under 
way,  the  rope  must  be  so  slack  that  the  upper  part  of  the  block  must  be 
brought  to  the  level  of  the  sling  and  hook. 

Although,  with  an  experienced  crew,  these  arrangements  may  have  been 
found  sufficient  for  the  ordinary  purposes  of  a  merchant-ship,  there  can  be 
no  doubt  there  is  great  room  for  improvement  in  the  detail  of  fitting ; 
while  the  increase  of  passengers  and  loss  of  life  by  sudden  accidents  and 
collisions  render  it  essential  that  every  boat  should  be  provided  with  the 
best  mechanical  means  of  being  lowered  in  safety  when  full  of  the  people 
she  is  intended  to  save. 

This  necessity  has  brought  forward  a  number  of  proposed  plans  and 
patents  for  effecting  the  object ;  having  my  own  views,  I  will  quote  those  of 
an  anonymous  writer  in  the  '  Shipwrecked  Mariner,'  on  those  of  Messrs. 
Jeffreys,  Lacon,  Russell,  Clifford,  and  Cornish,  each  having  its  respective 
merits.  The  objects  sought  were — 1.  That  both  ends  should  be  lowered 
so  as  to  secure  the  descent  perfectly  horizontal.  2.  That  they  should  not 
cant  in  the  act  of  lowering.  3.  That  there  should  be  power  to  disengage 
tbem  as  soon  as  they  reach  the  water.  4.  That  there  should  be  facilities 
for  replacing  the  boats  at  their  davits  after  being  lowered  at  sea. 

The  first  two  objects  were  attained  by  Jeffreys,  Lacon,  Russell,  and  Clif- 
ford's plans,  but  I  do  not  consider  them  so  important  as  the  last  two  objects. 
On  these  points,  as  well  as  the  others,  the  writer  in  the  c  Shipwrecked  Ma- 
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riner'  gives  the  plans  of  Mr.  Jeffreys  and  Mr.  Russell  the  most  decided  pre- 
ference over  those  of  Messrs.  Lacon,  Cornish,  and  Clifford ;  they  all  required 
some  heavy  and  costly  machinery  for  each  pair  of  davits;  Mr.  Clifford's 
having  the  peculiarity,  that  his  machinery  is  affixed  under  the  midship 
thwart  of  the  boat,  for  the  sole  purpose  of  allowing  one  man  to  lower  both 
ends  by  two  single  ropes  through  threefold  friction-blocks  or  nippiog- 
sheaves,  which  preclude  the  possibility  of  hoisting  them  up  by  the  same 
means  that  lower  them. 

Attempts  having  been  made  in  Parliament  to  force  Clifford's  patent  os 
the  shipowners  of  the  country,  all  really  interested  should  cooperate  is  the 
establishment  of  a  Ship's  Life-boat  and  Fittings  Committee,  to  elicit  the 
views  and  opinions  of  those  whose  position  or  nautical  experience  enables 
them  to  afford  information  and  suggestions  as  to  the  requirements  of  ship- 
ping, and  the  means  of  improving  the  boats  and  davits  now  in  use,  also  of 
providing  efficient  life-preserving  apparatus  in  all  ships,  without  compulsory 
acts  of  parliament  in  favour  of  any  patent 

The  only  vessels  in  which  Government  dictation  would  be  just,  arc 
crowded  troop-ships  and  emigrant-ships,  to  which  extra  life-boats,  davits, 
and  apparatus  should  be  provided  while  so  employed ;  and  the  only  patent 
which  would  meet  these  requirements  is  the  admirable  invention  of  the 
Rev.  E.  J.  Berthon,  of  an  efficient  collapsing  life-boat,  provided  with  patent 
davits  and  lowering  apparatus,  which  can  be  carried  in  addition  to  the  usual 
boats  and  davits,  as  shown  in  the  annexed  diagram  and  section  (p.  325). 

As  to  a  standard  for  ships9  life-boats,  there  are  several  different  types 
which  experience  has  established  as  efficient,  such  as  Francis's  corrugated 
iron  boats,  adopted  by  the  American  Government  steamers;  also  thoje 
of  White  of  Cowes,  so  largely  employed  by  the  mail  steamers  from  South- 
ampton ;  and,  it  may  be,  there  are  others  with  sufficient  extra  buoyancy 
to  float  with  their  complement  of  crew  and  passengers  when  filled  by  a 
sea,  which  may  be  estimated  at  20  cubic  feet  of  air  or  cork.  Considering 
this  as  the  minimum,  the  exact  amount  depends  so  much  on  the  material 
and  disposition  of  buoyancy,  that  it  can  only  be  determined  by  careful  ex- 
periments and  calculations,  corroborated  by  records  of  their  performances  at 
sea.  This  requires  the  cooperation  of  many  commanders  of  vessels,  who  only 
need  that  the  points  of  inquiry  be  properly  put  before  them,  as  has  been 
done  in  the  case  of  the  Compass  Committee  of  Liverpool. 

For  eliciting  this  information,  the  writer  has  lithographed  a  plan  and  speci- 
fication of  a  ship's  life-boat  of  28  feet,  with  calculations  of  weight  leas  than 
one  ton,  the  hull  and  fittings  having  a  buoyancy  of  about  \5  hundredweight, 
and  an  extra  buoyancy  in  the  air-compartments  and  casks  exceeding  50  cubic 
feet  or  1^  ton,  sufficient  to  float  the  boat  and  upwards  of  30  men.  The  only 
difference  from  the  present  boats  is  the  substitution,  for  the  present  timber, 
of  angle-iron  frames  to  which  pine  bulkheads  are  riveted,  so  as  to  form  air- 
compartments  in  bow  and  stern,  the  sides  amidships  being  filled  with  4  to  6 
air-casks,  and  on  the  bilge  and  bottom  24  pairs  of  cork  life-buoys,  in  place  of 
the  zinc  tubes  and  cork-shavings  now  in  use.  It  has  been  intimated  that 
these  boats  could  be  built  and  fitted  for  18*.  to  20*.  per  foot. 

As  the  principal  impediment  to  the  improvement  of  ships*  life-boats  and 
fittings  is  the  increased  expense  to  the  shipowner,  and  the  difficulty  in  obtain- 
ing boats  and  davits  efficient  and  ready  when  required,  it  is  to  be  hoped 
that  some  shipbuilders  may  be  induced  to  build  and  forge  a  few  such  standard 
life-boats  and  davits  as  may  be  recommended  by  the  Committee,  or  that 
subscriptions  may  be  raised  for  the  first  or  experimental  boats.  500  oopic* 
of  this  plan  and  specification  have  been  gratuitously  circulated. 
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Boats'  Davits. — As  to  boats'  davits  and  tackle-Mocks,  having  experienced 
loss  of  boats  from  the  bending  of  iron  davits,  and  the  difficulty  of  hoisting 
boats  up  in  sea- way,  in  1835,  the  writer  was  induced  to  alter  the  curve  and 
form  or  the  iron  davits,  and  to  adopt  large  threefold  blocks  with  swivel 
hooks,  which  resulted  in  greater  security  to  the  boats  and  much  facility  in 
lowering  and  recovering  them  at  sea;  and  with  reference  to  the  before-men- 
tioned right-angle  and  round  form  of  davits,  and  small  blocks  now  in  use, 
the  expediency  of  exhibiting  an  improved  construction  of  both  is  suggested. 

As  to  davits,  it  is  proposed  to  increase  the  strength  with  reduced  weight, 
by  giving  a  less  acute  angle  to  the  curve,  and,  by  increasing  the  width  of  the 
davit  in  the  direction  of  die  curve,  to  double  the  diameter  of  the  round  part 
at  the  clamp  or  rail.  Or  from  the  rail  upwards  the  davit  may  be  converted 
from  double-headed  railway-bars,  the  thick  parts  of  railway-bar,  forming  the 
top  and  bottom  of  the  davit  along  the  curve,  to  be  welded  together  at  the 
upper  end,  to  hang  the  tackle  block, — also  to  carry  a  roller,  over  which  a 
single  pennant  will  run,  so  as  to  lower  the  boat  by  single  ropes  from  the 
ship  when  under  way,  the  end  of  the  rope  running  through  one  roller 
freeing  the  boat  from  the  ship.  This  is  a  modification  of  Guthrie's  plan 
already  adopted  in  the  Peninsular  and  Oriental  Company's  steamers,  being 
lowered  by  two  men  on  board  the  ship,  and  in  opposition  to  Mr.  Clifford  s 
plan  of  one  man  in  the  centre  of  the  boat  lowering  her  by  two  ropes  through 
four  sheaves,  one  in  the  bottom  of  the  boat 

As  to  blocks,  it  is  proposed  to  use  large  threefold  wooden  blocks  with 
iron  inside  straps,  the  upper  block  to  have  a  swivel-hook,  the  lower  block 
to  have  a  hook  hung  on  a  pin  connecting  the  inside  straps  of  the  block, 
so  that  the  hook  can  be  disengaged  from  the  sling  without  turning  the 
block. 

Mr.  Ewing,  of  Birkenhead,  has  made  a  model  of  this  block,  which  is 
exhibited,  and  may  be  inspected  at  the  Mercantile  Marine  Association 
Rooms,  20  Water  Street,  Liverpool,  where  any  suggestions  for  the  further- 
ance of  the  formation  of  a  Ship's  Life-boat  and  Fittings  Committee  will  be 
thankfully  received. 

There  are  also  models  and  plans  of  boats'  davits,  slings,  valves,  and  life- 
boat fittings,  submitted  for  the  consideration  of  the  Members  of  the  Asso- 
ciation. 
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MATHEMATICS  AND  PHYSICS. 

Mathematics. 

Opening  Address  by  the  Rev.  ?.  R.  Robinson,  DJ).,  F.R.S.,  M.RJ.A^ 
President  of  the  Section. 

In  opening  the  proceedings  of  this  Section  of  the  Association,  I  hope  a  few  minutes 
of  your  time,  precious  though  it  be,  will  not  be  misemployed  in  pointing  out  to 
those  of  you  who  have  not  specially  devoted  yourselves  to  its  pursuits  their  para- 
mount importance.     Its  highest  department,  mathematical  science,  is  the  noblest, 
the  most  nearly  approaching  to  what  we  may  suppose  to  be  the  kind  of  knowledge 
possessed  by  beings  of  an  order  superior  to  our  own,  which  man  can  attain.     By 
it  alone  we  reach  that  which  is  the  great  aim  of  the  good  and  wise,  absolute  truth. 
All  the  rest  of  our  knowledge  is  only  probable,  varying  in  degree  from  the  verge  of 
certainty  down  to  mere  shadowy  conjecture,  and  trustworthy  exactly  in  proportion 
as  the  intellectual  processes  which  deduce  it  are  trained  and  used  in  analogy  to  its 
practice.     It  is  also  our  mightiest  aid  in  exploring  the  wide  fields  of  physical  and 
mechanical  science :  in  the  first,  without  its  guiding  light,  we  wander  in  a  region  of 
phantoms;  in  the  other,  though  empirical,  or,  as  it  is  often  called,  practical  knowledge, 
may  give  an  uncertain  gleam,  yet  they  who  trust  to  it  alone  will  find  ruin  and  failure  in 
their  path.  Yet  with  all  its  supreme  dominion,  it  can  only  be  attractive  to  a  very  few, 
and  the  inferior  objects  of  our  Section — as  Optics,  Electricity,  Magnetism,  Meteoro- 
logy, and  the  like — will  always  be  more  popular.     It  were  an  evil  hour  for  the  human 
race  in  which  it  should  sink  into  a  secondary  place :  we  have  always  upheld  it,  as  I 
trust  we  always  shall  do,  as  our  guiding  banner.    But  even  for  the  others  we  have 
not  laboured  in  vain,  as  was  so  well  shown  last  night  by  our  accomplished  President. 
His  words  carried  me  back  to  the  time  when,  twenty-two  years  ago,  we  met  in  this 
city  for  the  first  time;  and  reminded  roe  of  the  important  researches  which  were 
originated  at  that  meeting,  and  of  the  success  with  which  they  were  carried  out.   Some 
of  them  I  shall  name  as  evidence  of  what  the  British  Association  has  done  for  science. 
To  begin  with  my  own  special  pursuits. — 1 .  There  had  been  made  at  Greenwich  during 
jhe  preceding  century  a  vast  series  of  solar,  lunar,  and  planetary  observations,  match- 
less in  the  world,  of  the  highest  importance  to  perfect  the  planetary  theory,  but  quite 
jjteless,  because  unreduced.  How  troublesome  that  work  is,  none  know  but  they  who 
have  used  it;  and  it  would,  perhaps,  never  have  been  performed  but  that  we  obtained  it 
from  Government.  It  has  been  perfectly  accomplished  under  the  direction  of  Mr.  Airy. 
7*2.  There  existed  a  collection  of  star  observations,  the  'HistoireCeleste/the  proudest 
distinction  of  the  two  Lalandes,  comprising  50,000  stars,  all,  however,  unreduced  and 
nearly  useless.  These  we  have  reduced ;  and  at  a  large  pecuniary  outlay,  we  have  given 
to  astronomers  a  catalogue  not  of  less  value  than  those  of  Bradley  or  Piazzi. — 3.  We 
originated  those  researches  on  the  strength  of  iron,  by  which  Hodgkinson  and  Fair- 
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bairn  have  added  so  much  to  the  resources  of  constructive  engineers.— 4.  We  called  for 
the  investigations,  and  supplied  funds  for  those  discussions  of  tidal  phenomena  by 
which  Dr.  Whewell  has  not  only  thrown  light  on  a  most  difficult  portion  of  hydrody- 
namics, but  given  precious  aid  to  the  practical  navigator. — 5.  Two  years  before  that 
meeting,  a  great  physicist  had  declared  that  to  improve  by  theory  the  form  of  ships 
was  as  hopeless  as  to  get  the  equation  of  a  breaker ;  at  that  meeting  a  young  man,  then 
unknown,  produced  the  germ  of  those  researches,  which,  extended  under  our  auspice*, 
and  largely  aided  by  our  pecuniary  grants,  have  given  J.  Scott  Russell  a  world-wide 
fame,  and  made  possible  the  construction  of  those  noble  ships  which,  during  the  last 
month,  have  borne  from  yoor  bay,  at  a  speed  twice  what  was  once  thought  attain- 
able, their  freight  of  heroes,  to  uphold  our  nation's  power,  to  avenge  our  slaughtered 
countrymen. — 6.  Lastly,  we  set  on  foot  that  system  of  magnetic  observation  d 
which  you  heard  last  night,  which  has  added  so  much  to  our  knowledge  of  terres- 
trial magnetism  ;  nay,  which  has  gone  beyond  our  globe  and  opened  a  new  range 
for  inquiry,  by  showing  us  that  this  wondrous  agent  has  power  in  other  parts  of  the 
solar  system.  Is  not  this  a  list  of  achievements  on  which  those  of  us  who  wen 
then  present  may  look  with  just  pride  ?  May  we  not  venture  to  hope  that  when, 
in  the  next  of  its  cycles,  the  Association  shall  return  to  this  city,  those  who  mar 
survive  to  witness  that  event  shall  have  it  in  their  power  to  record  one  yet  man 
brilliant  ?  I  cannot  expect  to  be  of  the  number,  but  the  recollection  that  I  have, 
however  slightly,  been  a  partaker  in  those  labours  in  which  the  Association  has 
worked  so  well  to  increase  the  knowledge  and  happiness  of  mankind,  and  the  anti- 
cipation that  it  will  continue  to  advance  in  the  paths  of  the  purest  and  highest  wis- 
dom, will  cheer  the  remnant  of  my  appointed  time.  For  that  advance  we  most 
prepare  the  way,  and  an  occasion  seems  to  offer  now.  The  combined  series  of  mag- 
netic observations  to  which  I  have  referred  has  just  closed;  and  I  cannot  doubt  that 
it  is  our  duty  to  seek  for  its  continuance  and  extension  on  a  scale  commensurate  to 
the  enlarged  views  which  it  has  already  opened.  I  shall  therefore  soon  seek  to 
obtain  your  concurrence  in  a  recommendation  to  this  effect,  and  am  confident  tbst 
we  shall  open  a  path  to  a  series  of  new  discoveries  as  much  surpassing  those  whki 
we  have  commemorated,  as  our  present  experience  of  the  mode  of  making  the*? 
researches  transcends  the  imperfect  methods  with  which  they  were  commenced.  I 
shall  detain  you  no  longer  from  your  work.  To  mark  our  sense  of  the  incalculable 
importance  of  pure  mathematics,  we  always  endeavour  to  devote  to  it  the  first  days 
of  our  week.  I  cannot,  therefore,  promise  anything  attractive,  or  even  intelligible 
to  all  of  you ;  but  Monday  will  be  given  to  Meteorology,  and  Tuesday  to  Optica, 
Electricity  and  Magnetism,  which  I  hope  may  prove  of  more  general  interest 


On  the  Theory  of  Astronomical  Observations,  and  on  some  related 
Questions.    By  Professor  Boole,  F.R.S. 

The  author  gave  a  short  resumi  of  Gauss's  theory  of  the  value  of  astronomical 
and  other  observations,  and  the  method  of  least  squares.  He  then  showed  that  the 
common  mode  of  taking  means  depeoded  on  a  theorem,  which  was  only  one  case  of 
a  much  more  general  theorem  in  probabilities  which  he  had  arrived  at,  and  which  he 
explained  in  full  to  the  Section,  with  the  formulas,  which  he  wrote  on  the  board. 
He  showed  that  it  is  only  where  each  of  the  observations  is  equally  trustworthy  that 
our  common  mode  of  taking  means  can  lead  to  correct  results ;  and  then  showed 
that  the  same  theorem  furnished  the  principle  for  estimating  the  dependence  to  be 
placed  on  testimony  and  other  kindred  questions. 

On  certain  Additions  to  the  Integral  Calculus.  By  Professor  Boou,  F.R& 


On  a  System  of  Geodetics  and  the  Conjugate  System,  traced  onthetwo  SksA 
of  a  Surface  of  Centres,  with  special  reference  to  the  Case  in  wkick  lk 
Surface  of  Centres  consists  of  an  Ellipsoid  and  a  Confbcal  J/yperboicii 
By  Professor  Curtis. 
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On  the  Interpretation  of  certain  Symbolic  Formula  and  Extension*  of 
Taylor's  Theorem.    By  the  Rev.  Charlbs  Grates,  D J).f  M. RJ. A. 


On  some  Application  of  Quaternions  to  Cones  of  the  Third  Degree. 
BySlrVf.  R.  Hamilton, LLJ)^m.R.I.A. 


On  the  Icosian  Calculus.  By  Sir  W.  R.  Hamilton,  LLJ).,  M.R.IA. 

The  author  stated  that  this  calculus  was  entirely  distinct  from  that  of  quaternions, 
and  in  it  none  of  the  roots  concerned  were  imaginary,  He  then  explained  the  lead- 
ing features  of  the  new  calculus,  and  exemplified  its  use  by  an  amusing  game,  which 
he  called  the  Icosian,  and  which  he  had  been  led  to  invent  by  it, — a  lithograph  of 
which  he  distributed  through  the  Section,  and  examples  of  what  the  game  proposed 
to  be  accomplished  were  lithographed  in  the  margin,  the  solutions  being  shown  to 
be  exemplifications  of  the  calculus.  The  figure  was  the  projection  on  a  plane  of  the 
regular  peatagonal  dodecahedron,  and  at  each  of  the  angles  were  holes  for  receiving 
the  ivory  pins  with  which  the  game  was  played. 


On  Infinite  Angles  and  on  the  Principle  of  Mean  Values. 
By  Mr.  Commissioner  Hargrave. 


On  the  Origin  and  Elimination  of  Euclid's  "  Reductio  ad  ahsurdum.ft 
By  John  Pope  Hennessy,  of  the  Inner  Temple. 

The  author  first  pointed  out  the  difference  between  direct  and  indirect  demonstra- 
tion. The  enunciation  of  every  geometrical  theorem  is  a  conclusion.  This  conclu- 
sion may  be  proved  in  either  of  two  ways :  (1)  either  by  the  simple  syllogistic  method, 
or  (2)  by  a  combination  of  that  method  with  the  principle  of  opposition.  Mr.  Hen- 
nessy showed  that  every  proposition  which  Euclid  proves  directly  belongs  to  the  first, 
and  that  every  proposition  proved  indirectly  belongs  to  the  second  class.  The  origin 
of  the  Reductio  ad  abmrdum  was  thus  resolved  into  the  question,  why  the  principle 
of  logical  opposition  should  be  employed  in  some  cases  and  not  in  others.  He  showed 
that  the  necessity  for  calling  in  the  aid  of  logical  opposition  depended  on  two  abnor- 
mal conditions :  (1)  when  any  of  the  premises  of  an  affirmative  proposition  are  nega- 
tive, and  (2)  when  none  of  the  premises  of  a  negative  proposition  are  negative.  He 
then  adverted  to  the  number  of  indirect  demonstrations  which  Euclid  had  left  in  the 
first  six  books  of  the  '  Elements,'  and  to  the  very  small  number  of  these  which  sue* 
ceeding  geometers  had  altered.  He  concluded  by  submitting  direct  proofs  of  every 
proposition  hitherto  proved  indirectly. 


On  some  General  Propositions  connected  with  the  Theory  of  Attraction*. 
By  the  Rev.  Professor  Jellbtt,  M.A.,  M.RJJL. 

The  author  showed  that  the  attraction  of  a  body  whose  particles  act  with  a  force 
varying  inversely  as  any  odd  power  of  the  distances,  may  be  easily  deduced  from  that  of 
a  body  having  the  same  form  and  quantity  of  matter,  the  law  of  attraction  being  the 
inverse  first  power  of  the  distance.  He  showed  further,  that  while  a  knowledge  of 
the  attraction  of  a  body  whose  particles  act  according  to  the  law  of  nature,  that  is 
to  say,  the  inverse  square  of  the  distance,  gives  us  no  information  as  to  any  other 
law  (at  least  in  this  method),  the  knowledge  of  the  attraction  for  the  inverse  fourth 
power  gives  it  for  every  higher  inverse  power. 

From  these  theorems  he  proved  that  there  is  no  law  of  force  capable  of  being 
represented  by  a  series  of  inverse  powers  of  the  distance,  except  the  law  of  nature, 
for  which  a  body  will  attract  as  if  its  mass  were  concentrated  at  a  fixed  point. 

He  showed  also  that  there  is  no  law  of  force  capable  of  being  represented  by  a 
finite  series  of  Inverse  powers  of  the  distance,  except  the  law  of  nature,  for  which  a 
shell  of  any  form  will  exercise  no  attraction  on  a  point  within  it     If  then  the 
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particles  of  the  electrical  fluid  acted  on  each  other  according  to  any  such  tar, 
except  that  of  nature,  free  electricity,  instead  of  residing  as  it  does  entirely  on  the 
surface,  would  be  dispersed  through  the  entire  of  the  changed  body. 

These  theorems  have  been  hitherto  (so  far  as  the  author  is  aware)  known  only  for 
a  spherical  surface. 

After  alluding  to  a  well-known  theorem  of  Chasles,  he  stated  as  a  generalization, 
that  if  any  two  bodies  have  one  external  equilibrium  surface  common,  then  attrac- 
tion at  any  point  of  external  space  will  be  in  the  same  direction,  and  proportional  to 
the  masses  of  the  bodies,  the  law  of  force  being  that  of  nature. 


On  certain  Properties  of  the  Radii  of  Curvature  of  Curves  and  Surfaces, 
and  their  Application  to  the  Method  of  Polar  Reciprocation.  By  T. 
Martin,  A.B.,  T.C.D. 

The  author  drew  the  attention  of  the  Association  to  certain  equations  connecting 
the  principal  radii  of  curvature  of  a  surface  and  its  polar  reciprocal  at  corresponding 
points,  and  of  their  inverse  surfaces,  and  deduced  the  analogous  equations  for  carves. 

He  then  pointed  out  the  peculiar  power  of  these  equations  in  transforming  theorems 
of  quantity,  which  he  illustrated  by  selecting  some  of  the  most  familiar  properties  of 
curves  and  surfaces  of  the  second  order,  thereby  with  facility  and  despatch  arming 
at  some  novel  and  elegant  conclusions. 


A  Demonstration  that  the  Three  Angles  of  every  Triangle  are  equal  to  Two 
Right  Angles.    By  B.  A.  Murray. 


On  the  Surface  of  Centres  of  an  Ellipsoid. 
By  the  Rev.  G.  Salmon,  D.D^  M.RJ.A. 


Light,  Oftical  Instruments. 


On  the  Centring  of  the  Lenses  of  the  Compound  Object- Glasses  of  Micro- 
scopes.   By  Sir  David  Brewster,  K.H.,  LL.D.y  F.R*S.  L.§  E. 

The  author  said, — In  studying  the  subject  of  diffraction,  as  observed  through  the 
microscope,  I  was  led  to  believe  that  in  the  best  object-glasses  now  made  the  axes  of 
the  individual  lenses  are  not  coincident.  I  have  no  means  of  learning  by  what  process 
the  optician  centres  his  lenses  and  groups  of  lenses,  but  it  must  be  a  ve/y  delicate 
one,  when  we  consider  the  small  size  of  the  lenses,  and  the  great  depth  of  their 
curves ;  and  I  have  no  doubt  that,  however  imperfect,  it  is  one  which  is  anxioaslr 
and  carefully  applied.  You  are,  no  doubt,  acquainted  with  Dr.  WoUastoo's 
interesting  paper,  "On  the  Concentric  Adjustment  of  a  Triple  Object-Glass"  (Phil 
Trans.,  1822,  p.  32),  45  inches  in  focal  length,  executed  by  the  celebrated  John 
Dollond,  and  regarded  as  one  of  his  best  works.  By  a  process  which  he  has 
described.  Dr.  Wollaston  found  that  it  was  very  imperfectly  centred ;  and,  con- 
trary to  the  advice  of  his  friends  ho  separated  the  lenses,  and  by  applying  two  pairs 
of  adjusting  screws  to  the  edges  of  each  lens,  he  placed  their  axes  in  the  same  line, 
and  to  use  his  own  words,  "he  restored  his  object-glass  to  such  correct  per- 
formance," that  it  was  "  capable  of  either  separating  very  small  and  nearly  equal 
stars,  as  those  of  44  Bootis  and  <r  Corona?,  or  of  exhibiting  the  minute  secondaries 
of  /3  Ononis  and  24  Aquilae,  with  as  much  distinctness  as  the  state  of  the  air  would 
adroit."  Dr.  Wollaston  adds,  "  that  the  actual  limit  to  its  powers  cannot  be  folly 
ascertained,  excepting  under  such  favourable  conditions  of  the  atmosphere  as  do  bat 
rarely  occur."  If  such  a  distinguished  artist  as  Dollond  failed  in  centring  a  group 
of  three  lenses,  about  4  inches  in  diameter,  and  with  comparatively  flat  curves, 
how  much  more  difficult  must  it  be  to  centre  the  six  minute  lenses  of  an  achromatic 
Object-glass  one- eighth  or  one-twelfth  of  an  inch  in  focal  length ;  and  if  such 
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results  were  obtained  by  the  correction  of  bis  error,  bow  superior  must  the  micro- 
scope  be   in  which  the  concentric  adjustment  of  its  lenses  is  effected !     While 
opticians,  indeed,  confine  themselves  to  the  use  of  only  two  kinds  of  glass,  of 
different  refractive  and  dispersive  powers,  we  can  hardly  expect  much  improvement 
in  the  microscope,  unless  by  the  substitution  of  achromatic  lenses  in  the  eye-piece, 
and  by  an  infallible  method  of  centring  each  lens,  and  each  group  of  lenses,  in  the 
instrument.    The  successful  application  of  two  pairs  of  adjusting  screws  to  each  of 
six  lenses,  and  also  to  those  of  the  eye-piece,  may  be  a  difficult  task,  but  it  is  not 
beyond  the  powers  of  mechanism.     It  is  very  obvious  that  Dr.  Wollaston's  method 
of  examining  the  centring  of  a  triple  object-glass  is  wholly  inapplicable  to  the 
object-glass  of  a  microscope.     In  submitting  to  examination  an  object-glass  made 
by  a  distinguished  optician,  it  was  necessary  to  use  a  microscopic  picture  of  the  sun, 
and  to  examine  the  position  of  its  images  as  reflected  from  the  various  surfaces  of 
the  lenses  by  means  of  a  microscope,  the  object-glass  of  which  was  brought  in 
contact  with  the  outer  lens  of  the  object-glass  to  be  examined.     By  separating  the 
two  object-glasses,  I  observed  in  succession  a  series  of  twenty-four  images  appearing 
and  disappearing  in  succession.    These  images  occupied  different  parts  of  the  field, 
and  I  could  not  succeed  by  the  most  careful  adjustment  of  the  apparatus  employed 
in  placing  them  in  the  same  axis.    These  images  had  various  sizes,  and  were  in 
various  states  of  colour,  some  highly  coloured,  and  some  purely  white.    They  had 
also  various  sizes,  many  with  fine  planetary  discs,  of  different  magnitudes ;  some 
like  the  smallest  fixed  stars  which  it  was  difficult  to  descry,  and  almost  all  of  them 
exhibiting  the  most  beautiful  concentric  diffracted  rings  when  put  out  of  focus. 
Two  or  three  images  often  appeared  in  the  same  part  of  the  field,  in  immediate  suc- 
cession, while  similar  pairs  arose  at  a  distance  from  each  other.    Although  I  often 
succeeded  in  uniting  two  or  more  of  these  images,  yet  the  effect  of  this  was  to  place 
others  at  a  greater  distance ;  and  I  had  no  hesitation  in  coming  to  the  conclusion, 
that  the  lenses  of  the  object-glass  which  produced  these  images  were  imperfectly 
centred.     Having  had  occasion  to  Bee  at  the  Paris  Exposition,  and  more  recently 
at  Florence,  the  superior  performance  of  Prof.  Araici's  microscopes,  I  cannot  omit 
the  present  opportunity  of  urging  philosophers  and  opticians,  as  I  have  often  done, 
to  correct  the  colours  of  the  secondary  spectrum  by  fluids  or  solids  of  different 
dispersive  powers.     Prof.  Amici  has  done  this.    In  his  object-glasses,  Nos.  1  and  2, 
of  low  powers,  he  employs  five  different  refractive  and  dispersive  substances.     In 
his  powers  Nos.  3,  4,  and  5,  he  employs  five  such  substances  ;  and  in  his  highest 
power,  No.  6,  he  employs  six.     In  recommending,  as  I  have  often  had  occasion  to 
do,  the  employment  of  diamond  and  other  gems  in  the  construction  of  compound  as 
well  as  simple  microscopes,  I  have  been  met  with  the  objection  that  they  are  too 
expensive  for  such  a  purpose,  and  they  certainly  are  for  instruments  intended  merely 
to  instruct  and  amuse ;  but  if  we  desire  to  make  great  discoveries,  to  unfold  secrets 
yet  hid  in  the  cells  of  plants  and  animals,  we  must  not  grudge  even  a  few  diamonds  to 
reveal  them.     If  Mr.  Cooper  and  Sir  James  South  have  given  a  couple  of  thousand 
pounds  for  a  refracting  telescope,  in  order  to  study  what  have  been  miscalled 
"dots"  and  "lumps"  of  light  on  the  sky;  and  if  Lord  Rosse  has  expended  far 
greater  sums  on  a  reflecting  telescope  for  analysing  what  have  been  called  "  sparks 
of  mud  and  vapour"  encumbering  the  azure  purity  of  the  heavens,  why  should  not 
other  philosophers  open  their  purse,  if  they  have  one,  and  other  noblemen  sacrifice 
some  of  their  household  jewels  to  resolve  the  microscopic  structures  of  our  own 
real  world; — to  unravel  mysteries  most  interesting  toman;   and  disclose  secrets 
which  the  Almighty  must  have  intended  that  we  should  know  ? 


On  a  new  Polarizer,  resulting  from  a  Modification  of  the  Prism  of  Nicol. 
By  M.  Leon  Foucault,  Paris. 

When  it  is  proposed  to  polarize  in  a  complete  manner  a  pencil  of  white  light,  the 
best  means  is  to  recur  to  the  prism  of  Nicol ;  but  if  a  pencil  of  a  certain  volume  is 
to  be  acted  on, — from  four  to  five  centimetres  diameter,  for  example, — Nicol's  prism 
becomes  expensive  and  difficult  to  realize,  on  account  of  the  scarcity  of  the  beautiful 
specimens  of  the  spar  of  Iceland.  The  cut  adopted  for  the  construction  of  the 
prism  of  Nicol  entails  necessarily  a  great  cost  of  material.    To  have  the  prism  entire, 
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a  crystal  of  spar  is  required,  whose  longitudinal  ridges  are  at  least  equal  to  three 
times  one  of  the  equal  sides  which  terminate  the  bases.    The  piece  is  then  cut  from 
angle  to  obtuse  angle  by  an  inclined  plane  of  38°  on  the  plane  of  their  bases,  and 
perpendicular  to  that  of  their  smaller  diagonals.    The  two  surfaces  thus  obtained  are 
polished  and  glued  together  with  balsam  of  Canada,  when  a  parallelepiped  thus 
prepared  is  placed  on  a  bottom  uniformly  lighted.    On  looking  through  the  piece,  a 
field  of  polarization  is  seen  contained  between  two  curved  bands, — one  red*  the 
other  blue, — which  correspond  with  the  direction  of  the  limits  according  to  which 
the  ordinary  and  extraordinary  ray  are  transmitted.  These  bands  comprise  an  angu- 
lar space  of  32°,  which  makes  Nicol's  prism  an  analyser,  applicable  in  all  cases 
where  the  inclination  of  the  ray,  which  it  is  desired  to  observe  simultaneously, 
does  not  exceed  32°.    But  this  angular  extent  of  the  field  of  polarization,  which  is 
sought  for  in  the  prism  of  Nicol,  considered  as  an  analyser,  no  longer  presents  the 
same  interest  when  the  apparatus  is  to  fulfil  the  part  of  a  simple  polarizer;  for  then  the 
action  desired  to  be  produced  acts  only,  in  general,  on  a  pencil  of  light  nearly 
parallel.  So  that  there  will  be  an  advantage,  in  similar  circumstances,  in  increasing 
the  extent  of  the  transverse  dimension  of  the  prism,  even  when  the  consequence 
would  be  a  certain  reduction  in  the  extent  of  the  angular  field  of  polarization.    Re- 
flecting on  the  data  of  the  question,  I  have  in  effect  discovered,  that  we  can  modify 
the  prism  of  Nicol  in  its  cut,  so  as  to  diminish  considerably  the  length  without  in- 
jury to  its  character  of  polarizer.     I  take  then  a  parallelopiped  of  spar,  whose  longi- 
tudinal ridges  equal  only  five  quarters  of  one  of  the  sides  of  the  base.     An  inclined 
section  of  59°  on  the  plane  of  the  bases,  and  the  new  surfaces,  being  polished,  1  put 
the  two  pieces  in  their  natural  position  without  fastening  them,  taking  care  to  pre- 
serve between  the  new  surfaces  a  little  space,  where  the  air  penetrates,  and  whkh, 
with  the  proper  incidence,  determines  the  entire  reflexion  of  the  ordinary  ray.  Look- 
ing through  a  rhomb  thus  prepared — in  other  respects  mounted  like  a  prism  of  Nicol 
—there  is  still  discovered  an  angular  field  of  polarization ;  but  the  index  of  refrac- 
tion of  air  being  considerably  below  those  of  the  two  rays  propagated  by  the  spar, 
complete  polarization  only  takes  place  in  an  extent  of  8°,  and  the  field  it  presents  is 
found  comprised  between  two  red  bands.    The  new  combination  then  does  not 
fulfil  the  conditions  necessary  to  the  formation  of  a  good  analyser ;  but  when  it  is 
only  required  to  polarize  a  pencil  of  solar  light,  whose  extreme  rays  have  an  incli- 
nation but  of  half  a  degree,  the  prism,  with  the  thin  stratum  of  air  and  its  eight 
degrees  of  field,  more  than  suffices  to  polarize  all  the  elements  of  such  a  pencil 
This  kind  of  polarizer  is  even  in  some  respects  preferable  to  the  prism  of  Nicol,  pro- 
vided that  the  reflexion  of  the  ordinary  ray  takes  place  under  an  incidence  which 
sends  it  back  almost  normally  to  the  intersection  of  its  two  lateral  faces ;  this  ray 
has  no  tendency  to  issue  by  die  base  and  confound  itself,  as  in  Nicol's  prism*  with 
the  extraordinary  ray.    Also,  when  the  material  of  spar  is  very  pure,  it  accom- 
plishes the  extinction  of  the  pencil  produced  by  an  analyser  in  a  complete  manner 
on  the  whole  extent  of  the  transmitted  pencil.     It  is  likely  that  in  cases  where  the 
prism  of  Nicol  is  employed  as  a  polarizer,  the  new  form  will  be  preferred,  since  it 
produces  an  effect  more  complete,  at  the  same  time  economizing  nearly  two-thirds 
of  the  mass  of  spar. 

On  a  Teleseope  Speculum  of  Silvered  Glass. 
By  M.  Lfcov  Foucault,  Paris. 

The  astronomical  refractor,  compared  with  the  reflecting  telescope  of  the  same 
dimensions,  has  always  had  the  advantage  of  giving  more  light ;  the  pencil  of  rays 
which  fall  on  the  object-glass  passes  through  it  for  the  most  part,  and  is  employed 
almost  entirely  in  the  formation  of  the  image  at  the  focus ;  while  on  the  metal 
mirror  a  part  onlv  of  the  light  is  reflected  in  a  converging  pencil,  which  loses  still 
more  by  a  second  reflexion  being  brought  back  towards  the  observer.  However,  as 
the  reflecting  telescope  is  essentially  free  from  aberration  of  refrangibility,  as  the 
purity  of  its  images  depends  only  on  the  perfection  of  a  single  surface,  as  with  re- 
gard to  focal  length  it  possesses  a  greater  diameter  than  the  refracting  telescope,  and 
.  thus  partly  regains  the  light  wasted  by  reflexions — some  observers  continue  to  give 
it  the  preference,  chiefly  in  England,  over  the  refracting  telescope  for  the  exsnuns- 
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tion  of  celestial  objects.  It  is  certain  that  at  this  moment,  and  despite  the  multi- 
plied improvements  in  the  manufacture  of  large  glasses,  the  most  powerful  instru- 
ment directed  towards  the  heavens  is  a  telescope  with  a  metal  speculum.  The  tele- 
scope of  Lord  Rosse  is  6  feet  English  in  diameter,  and  its  focal  distance  is  55  feet. 
Possibly  the  reflecting  instruments  would  have  gained  the  superiority,  could  the 
metal  take  aa  durable  a  polish— could  it  be  as  well  worked  as  the  glass,  and  were 
it  not  heavier.  Placing  thus  in  parallelism  the  two  sorts  of  instruments,  and  dis- 
cussing their  respective  qualities  and  defects,  I  finished  by  conceiving  that  the  tele- 
scope with  a  glass  would  possess  every  advantage,  if  the  mirror  being  once  shaped 
and  polished  we  could  communicate  to  it  the  metallic  brilliancy,  in  order  to  obtain 
from  it  images  as  luminous  as  those  of  the  refracting  telescopes.  This  thought, 
which  at  first  appeared  a  fiction  of  imagination,  was  soon  converted  into  a  satisfac- 
tory reality.  The  glass  being  cut  by  an  experienced  optician,  and  thoroughly 
polished,  is*  ready  to  be  covered  by  Drayton's  process  with  a  very  thin  uniform  coat* 
ing  of  silver.  This  metallic  coating,  which  when  taken  out  of  the  bath  in  which  it 
is  formed  is  dull  and  dark,  is  easily  brightened  by  rubbing  with  a  skin  lightly  tinged 
wth  oxide  of  iron,  and  acquires  in  a  short  time  a  very  brilliant  lustre,  fiy  this 
operation  the  surface  of  the  glass  is  wholly  of  metal,  and  becomes  vividly  reflective, 
not  exhibiting  under  severest  tests  the  slightest  alteration  in  form.  To  procure  a 
disc  of  glass  with  concave  surface  perfectly  finished,  I  applied  to  Mr.  Secretan,  who 
had  the  kindness  to  provide  for  me  a  clever  workmen.  On  the  other  hand,  to  be 
able  to  obtain  a  deposit  of  silver,  I  had  recourse  to  the  owners  of  the  English  patent; 
M.  Power  and  M.  Robert,  who  actually  work  the  process  in  France,  and  who  fur- 
Dished  me  with  the  silvery  solution,  giving  at  the  same  time  the  fullest  instructions 
how  I  might  best  succeed.  My  mirror  being  silvered,  and  having  acquired  a 
polish  of  steel,  I  formed  a  telescope  of  it  of  ten  centimetres  diameter  and  fifty  cen- 
timetres focal  length.  This  little  instrument  supports  well  th6  eye-glass,  which 
magnifies  300  times,  and  compared  with  the  reflecting  telescope  of  one  metre,  gives 
a  very  sensibly  superior  effect.  Wishing  to  learn  the  proportion  of  light  usefully 
reflected  by  the  layer  of  silver  deposited  on  the  glass,  and  afterwards  polished,  or, 
at  least,  to  compare  the  intensity  of  a  pencil  of  rays  reflected  by  a  surface  thus  pre- 
pared with  that  of  one  transmitted  by  an  equal  surface  from  the  object-glass  of  a 
refracting  telescope,  1  accomplished  the  matter  without  difficulty  by  means  of  a 
photometer  with  divisions,  which  I  had  employed  on  another  occasion.  The  result 
of  this  operation  ensures  a  decided  advantage  to  the  new  telescope.  The  pencil  of 
rays  reflected  on  the  silvered  glass  is  equal  to  90  per  cent,  of  those  transmitted 
through  an  object-glass  of  four  partial  reflexions ;  so  that  the  new  instrument  avails 
itself  of  the  overplus  of  light,  which,  on  account  of  the  greater  diameter  of  the  mir- 
ror, concurs  efficiently  to  the  formation  of  the  focal  image.  Diameters  equal,  the 
telescope  with  glass  is  by  one-half  shorter  than  the  other  instrument ;  with  equal 
lengths,  it  bears  a  double  diameter,  and  collects  three  and  a  half  tiroes  more  light. 
Considered  in  another  point  of  view,  the  new  combination  is  distinguished  in  this, 
that  it  produces  all  its  effect  without  the  concurrence  of  those  numerous  conditions 
required  to  obtain  a  certain  degree  of  perfection  in  any  telescope,  whether  reflect- 
ing or  refracting.  The  achromatic  telescope,  above  all,  requires  that  the  con- 
structor of  it,  at  one  and  the  same  time,  pay  particular  attention  to  the  homoge- 
neity of  the  two  sorts  of  glass  which  form  the  object-glass,  their  refracting  and  di- 
spersive powers,  the  combination  of  curves,  the  centring  and  the  execution  of  four 
spherical  surfaces.  In  the  new  telescope,  on  the  contrary,  the  glass,  serving  not  aa 
a  middle  refractor,  but  only  to  support  a  very  thin  layer  of  metal,  the  homogeneity 
of  the  mass  is  by  no  means  required,  and  the  most  ordinary  glass  of  sufficient  thick- 
ness worked  with  care  affords  a  concave  surface,  which  when  silvered  and  polished 
famishes  of  itself  and  by  reflexion  excellent  images.  There  is  one  strong  objection 
to  the  metal  mirrors, — it  is,  that  they  become  oxidized  in  time,  and  are  tarnished 
by  contact  with  the  air.  Eight  months  I  have  kept  silvered  mirrors,  which  have  not 
yet  undergone  any  sensible  alteration.  Will  they  preserve  this  state  of  perfection  a 
still  longer  time  ?  The  experiment  has  not  been  sufficiently  prolonged  to  decide  one 
way  or  the  other ;  but  even  should  the  lustre  of  the  mirror  become  weaker,  there 
is  no  difficulty  in  recurring  to  the  same  means  for  re-establishing  it,  by  which  it 
had  been  at  first  obtained.    In  fine,  should  the  depth  of  the  silver  be  altered,  the 
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operation  of  depositing  it  is  so  easy  and  prompt,  that  it  can  easily  be  repeated.  To 
resume,  the  new  instrument,  compared  with  the  refracting  telescopes,  gives,  at  much 
less  cost,  more  light,  more  distinctness,  and  is  free,  Kke  the  reflecting  telescope,  from 
all  aberration  of  refrangibility.  _____ 


On  the  Colour  of Salts  in  Solution*  each  Constituent  of  which  is  < 
By  J.  H.  Gladstone,  Ph.D^  F.R.S. 

It  is  a  general  law,  that  "  all  the  compounds  of  a  particular  base  or  acid,  when  in 
aqueous  solution,  absorb  the  same  rays  of  light ; "  hence  it  may  be  deduced,  that 
when  a  coloured  base  and  a  coloured  acid  combine,  the  resulting  salt  will  transmit 
only  those  rays  which  are  not  absorbed  by  either  constituent,  or  in  other  words, 
only  those  rays  which  are  transmitted  by  both.  This  was  proved  to  be  actually  the 
case  by  a  prismatic  examination  of  compounds  of  chromic,  permanganic,  and  car- 
bazotic  acids  with  copper,  iron,  nickel,  uranium,  and  chromium.  Thoogh  the 
compounds  of  chlorine,  bromine,  and  iodine  with  hydrogen  and  most  metals  are 
colourless,  the  compounds  of  these  halogens  with  gold,  platinum,  and  palladium 
exhibit  an  absorption  of  light  due  to  the  halogen  as  well  as  that  due  to  the  metal. 
The  same  is  true  in  respect  to  chlorides,  bromides,  and  iodides  of  copper,  iron, 
nickel,  and  cobalt,  when  these  salts  are  dissolved  in  a  minimum  of  water ;  but 
when  more  water  is  added,  the  colour  changes,  and  the  absorption  due  to  the  halogen 
no  longer  exists.  In  one  or  two  of  the  cases  examined  a  slight  variation  from  the 
general  law  occurred ;  and  ferrocyanide  of  iron  forms  a  complete  exception.  Hie 
double  chloride  of  platinum  and  copper  shows  the  absorbent  effect  of  all  three 
constituents.  ______ 

On  the  Effects  of  Heat  on  the  Colour  of  Dissolved  SalU. 
By  J.  H.  Gladstone,  PA.D.,  F.R.S. 

If  a  coloured  salt  be  dissolved  in  water,  heating  the  solution  does  not  usually 
affect  the  colour  of  it.  In  not  a  few  cases,  however,  the  colour  is  rendered  more 
intense,  and  altered  somewhat  in  its  character.  Among  the  examples  mentioned 
were  ferridcyanide  of  potassium,  meconate  of  iron,  chloride  and  bromide  of  palla- 
dium. In  other  cases,  heating  the  solution  produces  apparently  a  total  change  of 
colour :  for  instance,  chloride  of  copper  passes  when  heated  from  blue  to  green ; 
chloride  of  nickel  from  a  bluish  to  a  yellowish  green ;  sulphocyanide  of  cobalt,  or 
chloride  of  cobalt  dissolved  in  aqueous  alcohol,  from  a  pale  red  to  a  deep  bluish 
purple.  In  all  these  instances  heat  causes  the  absorption  of  a  larger  quantity  of 
rays  by  the  solution ;  but  this  appears  to  depend  sometimes  upon  some  purely 
physical  cause,  at  other  times  upon  some  chemical  change.  With  ferridcyanide  of 
potassium,  and  similar  salts,  a  certain  thickness  of  the  heated  solution  produces 
precisely  the  same  effect  on  the  spectrum  as  an  increased  thickness  of  the  same 
solution  when  cold.  With  chloride  of  copper,  and  similar  salts,  the  somewhat 
dilute  solution  when  heated  produces  the  same  effect  on  the  spectrum  as  the  same 
solution  when  concentrated  and  cold, — these  salts  being  all  of  that  character  which 
is  altered  in  colour  by  the  addition  of  water. 


On  Improvements  in  the  Optical  Details  of  Reflecting  Telescopes  and 
Equatoreal  Instruments.     By  Thomas  Grubb,  M.R.IJL.*,  Dublin. 

The  author  stated,  that  while  the  Earl  of  Rosse,  by  his  achievements,  had  placed 
beyond  doubt  the  practicability  of  producing  specula  for  reflecting  telescopes  at 
once  as  perfect  as  could  be  desired,  and  as  large  as  could  be  made  practically  useful, 
the  achromatic  object-glass  had  received  but  little  increment  of  size ;  and  though 
the  Messrs.  Chance,  of  Birmingham,  had  produced  a  pair  of  discs,  of  optical  glass, 
of  29  inches  diameter,  yet  these  had  been  allowed  to  be  transferred  to  another 
country,  where  the  work  of  forming  them  into  an  object-glass  was  still  to  be  effected. 
Four  years  had  now  elapsed  since  the  production  of  these  discs,  and  the  refracting 
telescope  may  now  be  considered  as  being  completely  distanced  in  size  by  its  com- 
petitor, the  reflector.    Under  such  circumstances,  it  was  important,  he  concerfed. 
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to  give  to  the  reflecting  telescope  every  possible  accession  of  improvement  which  the 
progress  of  art  or  science  placed  from  time  to  time  at  our  disposal.  The  two  points 
of  admitted  inferiority  of  the  reflector  being,  a  greater  liability  to  tarnish  than  glass, 
and  less  intrinsic  brilliancy  of  the  reflected  pencil  of  light ;  the  author  had  suc- 
ceeded (so  far  as  the  small  speculum  of  the  reflecting  telescope  is  concerned)  in 
entirely  obviating  the  former  objection,  and  in  very  much  lessening  the  other.  Regard- 
less of  the  failure  of  an  attempt,  made  years  since,  to  construct  a  reflecting  telescope 
of  glass  surfaces  quicksilvered,  he  concluded,  from  his  own  experience,  that  such 
surfaces  could  be  made  equally  perfect  with  those  of  speculum  metal ;  while  by 
silvering  (not  quicksilvering)  that  surface  required  to  reflect,  a  great  increase  of  light 
would  result,  thus  producing  for  the  small  reflector  of  the  telescope  a  mirror  as 
imperishable  as  glass,  and,  in  reflecting  power,  approaching  the  transmitting  power 
of  a  lens.  The  author  explained  why,  instead  of  using  this  reflector  in  its  simplest 
form,  viz.  that  of  a  lens  of  equal  thickness  silvered  on  one  side,  he  preferred  an 
achromatized  compound  of  two  lenses,  cemented  and  silvered,  and  exhibited  such  a 
compound,  which,  he  stated,  had  on  trial  performed  perfectly.  He  next  proceeded 
to  describe  in  detail  his  proposed  application  of  the  same  principles  to  both  small 
and  large  specula  of  telescopes  (where  such  were  of  moderate  dimensions),  as  also 
an  improved  form  of  the  prism  of  total  reflexion  applicable  to  Newtonian  telescopes 
of  the  largest  dimensions.  This  latter  is  a  prism  of  divergent  or  concave  power  made 
aplanatic,  or  at  least  achromatized,  reducing  the  convergence  of  the  rays  coming 
from  the  large  speculum,  and  also  the  size  required  for  the  prism  in  the  same  arbi- 
trary proportion  (two  or  three  times  being  suggested) ;  the  required  magnifying 
power  being  obtained  by  a  proportionally  lower  eye-piece.  The  author  next  pro- 
ceeded to  discuss  the  respective  merits  of  the  several  varieties  of  equatoreal  mounting 
as  applicable  to  large  telescopes.  The  first  variety,  or  long  polar  axis  (biforked  or 
not),  he  rejects  from  its  necessarily  great  length  and  consequent  unsteadiness.  The 
second,  or  large-cone  polar  axis,  supporting  the  telescope  in  a  bifurcation  prolonged 
beyond  the  upper  bearing,  he  would  also  reject,  from  the  enormous  weight  of  such 
in  proportion  to  the  telescope  carried, — 4  tons  being  stated  as  the  moving  mass 
in  the  case  of  a  telescope  of  only  8  inches  diameter.  The  third,  or  German 
variety  of  construction,  the  author  considers,  in  its  general  type,  as  preferable  to  all 
others ;  and  he  has  therefore  devoted  much  attention  to  its  improvement.  By  a 
system  of  internal  counterpoise,  he  has  reduced  the  direction  of  the  pressure  of  the 
declination  axis  (with  its  appendages,  including  the  telescope  and  its  counterpoise) 
to  that  of  the  centre  of  revolution  of  the  polar  axis,  removed  all  end  pressure  of  the 
declination  axis,  and  supported  all  but  a  small  fraction  of  these  weights  by  anti- 
friction rollers.  In  this  arrangement  great  steadiness  is  retained  and  freedom  of 
motion  attained.  An  instrument  combining  these  principles  and  carrying  a  12-inch 
achromatic  of  20  feet  focus,  has  but  about  12  cwt.  of  material  (including  the  tele- 
scope) to  be  moved ;  and  this  is  effected  by  a  force  of  about  1  lb.  Applied  at  the  eye 
end.  This  instrument,  contrasted  with  the  8 -inch  before  mentioned,  is  (allowing 
for  the  difference  in  size)  lighter  in  the  proportion  of  about  hundredweights  to  tons. 
The  author,  in  conclusion,  and  aided  by  drawings,  explained  the  general  construction 
of  an  instrument  of  the  German  type  which  he  had  devised  purposely  for  the  pro- 
posed great  southern  telescope,  and  which  construction  had  been  selected  by  the 
Committee  appointed  by  the  British  Association  in  reference  to  the  same.  In  this 
instrument  a  telescope  of  the  proposed  diameter  (viz.  4  feet),  and  the  other  moving 
portions  of  the  instrument,  are  calculated  at  19,000  lbs.,  moved  by  a  force  of  20  lbs., 
applied  at  a  radius  of  5  feet ;  the  other  proposed  construction,  which  was  that  of 
the  prolonged  polar  axis,  being  estimated  at  45,000  lbs.  moving  weight,  and  requiring 
750  lbs.,  or  37 ±  times  that  of  the  author's  construction  for  its  movement. 


On  a  Method  of  determining  whether  the  Luminiferous  Vibrations  are  Parallel 
or  Perpendicular  to  the  Plane  of  Polarization.  By  M.  i/Abbb  Moigno, 
Paris. 

By  a  truly  extraordinary  tour  deforce,  such  as  we  find  no  other  example  of  in  the 
history  of  mathematics  applied  to  physics,  M .  Cauchy,  starting  from  two  angles  deter- 
mined experimentally  by  Sir  David  Brewster,  the  principal  angle  of  incidence  and  the 
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principal  azimuth,  succeeded,  without  any  photometric  experiment,  in  determining  at 
quantity  of  light  reflected  from  the  surface  of  metals.  Going  even  still  farther, 
M.  Cauchy  calculated  this  same  quantity  of  light  for  all  the  incidences  in  cue* 
where  the  primitive  ray  would  be  supposed  to  be  decomposed  into  two  polar  rays  it 
right  angles,  the  one  parallel  and  the  other  perpendicular  to  the  plane  of  incidence. 

Thus, — 1st,  indicating  by  Ii  the  intensity  of  the  reflected  ray  when  it  is  polarized 
in  a  direction  parallel  to  the  plane  of  incidence,  and  by  I©  the  intensity  of  the  re- 
flected ray  when  it  is  polarized  perpendicularly  to  the  plane  of  incidence,  supposing, 
the  ray  to  fall  under  the  principal  incidence,  and  taking  as  unity  the  intensity  of  Ike 
incident  ray,  M.  Cauchy  found— 

For  silver It  =  0*96        lp  ss  079 

For  mercury It  =  0*94        lp  =  0*46 

For  the  metal  of  specula It  =  0*90        lp  =  0*36 

For  steel   It  =  0'85         lp  =  023 

2.  Taking  silver  alone  into  consideration,  but  supposing  the  ray  to  fall  by  torat 
under  the  incidences  0°,  10°,  30°,  50°,  73°,  74°,  M.  Cauchy  found  that  the  qnintitio 
of  light  reflected  were— 
Under  the  incidences  09         10°       30°        50?        73°        74° 

It  =  0*548    0-553    0*596    0*693    0*814    0*859 
In  =  0*548     0*543    0*499    0*402     0*261     0*232 
This  being  settled,  the  following  is  the  mode  of  reasoning,  by  which,  we  believe, 
all  doubt  maybe  removed  as  to  the  truth  of  the  hypothesis  which  supposes  that  the 
luminous  vibrations  are  perpendicular  to  the  plane  of  polarization,  and  as  to  the 
falsity  of  that  according  to  which  the  vibrations  are  parallel  to  this  plane. 

I.  Of  the  two  rays  polarized  at  right  angles,  which  we  have  hitherto  considered, 
one  has  its  vibrations  parallel,  and  the  other  has  them'perpendicular  to  the  plane  of 
incidence  and  to  the  indication  of  this  plane  upon  the  plane  of  reflexion. 

If  we  ask  ourselves  which  of  them  must  be  least  extinguished  in  the  act  of  re- 
flexion, which,  when  reflected  must  exhibit  the  greatest  intensity,  we  shall  answer 
without  hesitation*  that  of  which  the  vibrations  are  parallel  to  the  plane  of  the  re- 
flecting surface,  as  it  penetrates  less  into  the  metallic  medium,  and  undergoes  lest  of 
its  influence.  On  the  other  hand,  M.  Cauchy  has  proved  that  the  ray  It,  polarized 
in  a  direction  parallel  to  the  plane  of  incidence,  is  that  which  is  moat  reflected : 
consequently  it  is  for  this  ray  It  that  the  vibrations  are  parallel  to  the  reflecting 
surface,  or  to  the  plane  of  reflexion ;  but  vibrations  parallel  to  the  reflecting  surface 
are  at  the  same  time  vibrations  perpendicular  to  the  plane  of  incidence,  and  conse- 
quently perpendicular  to  the  plane  of  polarization,  which  for  the  ray  It  coincides 
with  the  plane  of  incidence ;  therefore  for  the  ray  It  polarized  in  the  plane  of  inci- 
dence the  vibrations  are  perpendicular  to  the  plane  of  polarization.  If  we  reasoned 
upon  the  ray  In,  we  should  also  say  that  it  is  the  ray  which  is  reflected  with  the 
least  intensity,  therefore  it  is  that  of  which  the  vibrations  are  oblique  to  the  reflect- 
ing surface*  and  at  the  same  time  perpendicular  to  the  indication  of  the  plane  of 
incidence, — therefore,  for  the  ray  polarized  perpendicularly  to  the  plane  of  inci- 
dence, the  vibrations  are  parallel  to  that  plane,  or  perpendicular  to  the  plane  of 
polarization. 

II.  Of  the  two  rays  polarized  at  right  angles,  one  is  of  such  a  nature,  that  as  Hie 
incidence  increases,  the  intensity  after  reflexion  remains  very  nearly  constant,  and 
increases  very  little  in  proportion  as  the  incidence  increases ;  the  other,  on  the  con- 
trary, is  such,  that  its  intensity  after  reflexion  goes  on  diminishing  more  and  more. 
Now  is  it  not  evident  that  the  ray  which  must  sensibly  retain  the  same  intensity 
after  reflexion,  is  the  ray  of  which  the  vibrations  are  parallel  to  the  plane  of  reflexion ; 
that,  on  the  contrary,  the  ray  which  becomes  extinguished  by  degrees  when  the  in- 
cidence increases,  is  the  one  whose  vibrations  are  in  the  plane  of  incidence,  perpen- 
dicular to  the  direction  of  propagation,  and  to  the  intersection  of  the  planes  of  in- 
cidence and  reflexion  ;  since  these  vibrations,  being  at  first  parallel  to  the  plane  of 
reflexion,  erect  themselves  by  degrees  when  the  incidence  increases,  and  form  with  the 
plane  of  reflexion  an  angle  which  becomes  larger  and  larger,  until  they  become  per- 
pendicular under  the  incidence  of  90°  ?  Now  from  the  formulas  of  M.  Cauchy,  the 
reflected  ray  of  which  the  intensity  is  perceptibly  constant,  and  increases  slowly  is 
proportion  as  the  incidence  increases,  is  the  ray  It;  therefore  it  is  for  this  my  that 
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the  vibrations  are  parallel  to  the  plane  of  reflexion,  and  perpendicular  to  the  plane 
of  incidence,  and  consequently  to  the  plane  of  polarization,  which  for  this  ray  It  co- 
incides with  the  plane  of  incidence.  According  to  M.  Cauchy,  also,  the  ray  which 
is  gradually  extinguished  in  proportion  as  the  incidence  increases,  is  the  ray  Ip ;  there- 
fore it  is  for  this  ray  that  the  vibrations,  always  perpendicular  to  the  direction  of  pro- 
pagation and  to  the  intersection  of  the  planes  of  incidence  and  reflexion,  are  in  the 
plane  of  incidence,  and  consequently  perpendicular  to  the  plane  of  polarization, 
which  is  perpendicular  to  the  plane  of  incidence.  Therefore  in  all  cases  the  luminous 
vibrations  are  perpendicular  to  the  plane  of  polarization. 

Mr.  Stokes  has  raised  an  objection  to  this  demonstration,  which  appears  to  us 
to  fail.  He  says  that  M.  Cauchy  has  deduced  his  numbers  from  a  theory  which 
assumes  as  its  starting-point,  the  hypothesis  that  the  vibrations  are  perpendicular 
to  the  plane  of  polarization ;  but  there  is  nothing  to  prove  that  in  this  case,  as  in 
many  others,  we  do  not  arrive  at  the  same  result  by  starting  from  the  opposite 
hypothesis.  We  do  not  deny  that  this  may  be  the  case ;  but  in  order  that  our  rea- 
soning may  subsist  in  its  full  extent,  it  is  sufficient  that  the  numbers  of  M.  Cauchy 
should  be  considered  as  numbers  obtained  by  photometric  experiments.  Now  this 
is  certainly  the  case,  for  these  numbers  undoubtedly  agree  with  all  the  known  results 
of  photometric  experiments.  As  soon  as  they  are  admitted  as  natural  numbers,  no 
objections  can  be  raised  to  our  mode  of  reasoning. 


Electricity,  Magnetism. 


A  Mathematical  Investigation  of  the  Proportion  between  the  Length  required 
for  an  Electric  Telegraph  Cable  and  its  Specific  Gravity.    By  Captain 
Blakely. 

The  author  showed,  by  the  principles  of  the  composition  of  motion,  as  a  telegraph 
wire  was  paid  out  from  a  ship,  the  velocity  which  gravity  would  give  it  would  soon 
become  uniform  by  the  resistance  of  the  water  as  its  parts  descended ;  therefore,  the 
descending  part  of  the  cable  from  the  advancing  ship  to  the  part  of  the  cable  which 
had  reached  and  was  supported  upon  the  bottom,  and  which  he  showed  in  very  deep 
water,  say  two  miles  or  more,  might  stretch  back  six  or  more  miles  from  the  ship. 
Now,  unless  a  great  strain  were  kept  on  the  brake  in  the  ship  where  the  cable  was 
paying  out,  a  strain,  which  in  the  case  of  the  Atlantic  cable  had  caused  it  to  part,  it 
was  obvious  from  this  demonstration  that  there  must  always  be  what  the  sailor 
termed  "  slack"  in  the  cable  when  it  reached  and  lay  on  the  bottom,  for  the  inclined 
length  of  the  rope  was  always  longer  than  the  horizontal  length  of  the  bottom  on 
which  it  was  intended  to  lie.  The  author  then  proceeded  to  estimate,  by  mathema- 
tical formulas,  and  numerically,  the  exact  proportion  of  these  in  several  supposed 
depths  of  soundings,  rapidity  of  paying  out,  and  specific  gravity  of  the  cable ;  and 
came  to  the  conclusion,  that  the  only  way  of  lessening  an  evil,  which  must  never  be 
expected  to  be  entirely  got  rid  of,  was  by  increasing  the  speed  of  the  vessel  paying 
out  the  cable,  and  diminishing  the  specific  gravity  of  the  cable  itself,  so  that  it  should 
sink  gently  to  its  final  position. 


On  the  Electro-dynamic  Induction  Machine. 
By  the  Rev.  Professor  Call  an,  ofMaynooth  College. 

After  stating  that  he  had  discovered  the  induction  coil  in  1836,  that  in  1837  he  had 
devised  an  instrument  for  getting  a  rapid  succession  of  electrical  currents  from  the 
coil,  and  that  thus  he  had  completed  the  coil  in  1837,  as  a  machine  by  which  a  regular 
supply  of  electricity  might  be  furnished,  the  author  said  that  he  would  lay  before 
the  Association  the  results  of  a  long  series  of  experiments  on  the  induction  machine. 
The  first  of  these  results  is  a  means  of  getting  a  shock  directly  from  the  armature  of 
a  magnet  at  the  moment  of  its  demagnetization,  by  using,  not  a  solid  piece  of  iron, 
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but  a  coil  of  very  fine  insulated  iron  for  the  armature  of  an  electro-magnet,  between 
the  poles  of  which  the  coil  would  fit.     When  the  helix  of  the  magnet  is  connected 
with  a  battery,  the  armature  is  magnetized  on  account  of  its  proximity  to  the  mag- 
netized iron ;  and  when  the  battery  connexion  is  broken,  if  the  ends  of  the  insulated 
iron  wire  be  held  in  the  hands,  a  shock  will  be  felt.    The  second  result  is  the  dis- 
covery of  the  fact,  that  if  iron  wires  be  put  into  a  coil  of  covered  copper  wire,  the 
ends  of  which  are  connected  with  a  battery,  and  if  another  coil  be  connected  with 
the  same  battery,  the  quantity  of  electricity  which  will  flow  through  the  latter  will 
be  greater  when  the  first  coil  is  filled  with  iron  wires  than  when  they  are  removed. 
The  third  result  is,  a  core  for  the  primary  coil,  which  consists  of  a  coil  of  insulated 
iron  wire,  and  which  has  five  advantages  over  all  the  cores  in  common  use.    First, 
there  is  no  complete  circuit  for  any  electrical  current  excited  in  any  section  of  the 
core,  because  all  the  spirals  of  the  coil  are  insulated  from  each  other,  and  no  spiral 
returns  to  itself.     In  the  common  cores,  even  when  the  wires  are  covered  with 
thread,  there  is  a  complete  circuit  for  every  current  induced  in  each  section  of  every 
wire.  Secondly,  the  currents  in  the  various  sections  of  the  iron  coil  do  not  oppose  each 
other ;  but  the  currents  in  each  section  of  every  wire  of  the  common  cores  are  opposed 
by  the  currents  flowing  in  the  surrounding  wires.    Thirdly,  in  the  iron  coil  all  the  car* 
rents  in  the  various  spirals  flow  in  the  same  direction,  and  form  one  strong  current, 
which  may  be  used  by  connecting  the  ends  of  the  coil  with  any  body  to  which  we  wish 
to  apply  its  force.    But  in  the  common  cores  all  the  currents  in  the  sections  of  cadi 
wire  remain  within  the  wires,  and  cannot  be  used.  Fourthly,  the  effect  of  the  condenser 
on  the  currents  produced  in  the  iron  core  can  be  ascertained  when  an  iron  coil  is 
used,  but  not  with  the  common  cores.    By  using  an  iron  coil  as  a  core,  it  is  found 
that  the  condenser  increases  the  intensity  of  the  currents  induced  in  the  core. 
Fifthly,  the  ends  of  the  iron  coil,  used  as  a  core,  may  be  connected  with  the  coatings 
of  a  Leyden  jar,  and  then  the  sparks  from  the  coil  are  diminished  in  length,  but  in- 
creased in  brightness.     By  the  use  of  cores  consisting  of  coils  of  insulated  iron 
wires,  electrical  currents  of  considerable  quantity  and  intensity  may  be  obtained. 
These  currents  of  quantity  and  intensity  may  answer  for  working  the  Atlantic  tele- 
graph, and  for  producing  the  electric  light.    Besides  the  cores  just  described,  and 
the  common  core,  Prof.  Callan  used  three  other  kinds  of  cores ;  viz.  a  flat  or  ellip- 
tical bundle  of  wires ;  a  core  made  by  coiling  uninsulated  iron  wire  on  an  iron  bar, 
and  a  core  consisting  partly  of  a  bundle  of  iron  wire,  and  partly  of  a  coil  of  insulated 
iron  wire.    The  fourth  result  of  his  experiments  is  a  new  mode  of  insulation,  in 
which  imperfect  insulation  is  used  when  imperfect  insulation  is  sufficient,  and  per- 
fect insulation  is  employed  where  such  insulation  is  required.    The  advantage  of 
this  mode  of  insulation  is,  that  each  spiral  in  the  secondary  coil  is  brought  nearer 
to  the  other  spirals,  as  well  as  to  the  primary  coil  and  core,  than  it  can  be  in  the 
common  method  of  insulation,  without  at  all  diminishing  the  efficiency  of  the  inso- 
lation.   A  coil  in  which  the  secondary  wire  was  iron,  and  insulated  in  the  manner 
described,  was  shown  to  the  meeting/ which,  with  a  single  cell,  6  inches  by  4,  gave 
sparks  half  an  inch  long  without  a  condenser.    The  insulation  of  the  large  conden- 
sers made  by  Prof.  Callan,  in  which  the  acting  metallic  surface  of  each  plate  exceeded 
600  square  feet,  gave  way  before  the  coil  which  he  exhibited  was  made ;  and  there- 
fore he  could  not  say  what  the  length  of  the  sparks  would  be  with  the  aid  of  a  con- 
denser.   But  were  a  condenser  of  the  proper  size  to  have  the  effect  of  increasing  the 
sparks  in  a  thirtyfold  ratio,  as  in  Mr.  Gassiot's  great  coil,  the  length  of  the  sparks 
produced  by  Prof.  Callan's  coil  with  a  single  cell  should  be  15  inches.    The  outer 
diameter  of  the  coil  was  about  4  inches,  its  length  20  inches,  and  the  length  of  the 
secondary  coil  about  21 ,000  feet.    The  fifth  result  is,  a  contact-breaker  in  which  the 
striking  parts  are  copper,  and  which  acts  as  well  as  if  they  were  platina.   The  sixth 
result  is  a  more  satisfactory  explanation  of  the  condenser,  which  is  confirmed  by  the 
effect  of  the  condenser  on  the  electrical  currents  produced  in  the  core.    The  last  result 
consists  in  the  discovery  of  some  new  facts  relating  to  the  condenser,  from  some  of 
which  it  follows,  that  the  ordinary  mode  of  making  the  condenser  is  defective ;  for  coo* 
densers  are  generally  made  so  that  the  entire  surface  of  each  of  the  metallic  plates 
must  act.  But  the  condenser  for  every  coil  should  be  constructed  in  such  a  way,  that 
a  small,  or  a  considerable  part,  or  the  whole  of  the  surface  of  each  plate  may  be 
applied  to  the  coil.    For  a  large  condenser  which  would  make  the  effect  of  a  coil  ex- 
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cited  by  a  single  cell  less  than  it  would  be  without  a  condenser,  will  increase  the  effect 
of  the  same  coil,  when  it  is  connected  with  a  battery  of  ten  or  twelve  cells. 

On  controlling  the  Movements  of  Ordinary  Clocks  by  Galvanic  Currents. 

By  John  Hartnup,  F.R.A.S. 
Since  the  application  of  electricity  to  the  purposes  of  the  telegraph,  various 
methods  have  been  employed  for  working  clocks  at  distant  stations  by  a  normal 
clock  at  an  observatory,  or  by  causing  one  clock  in  a  large  establishment  to  work 
several  sympathetic  clocks  in  different  parts  of  the  building.  The  advantage  of  being 
able  to  make  several  clocks  show  the  same  time  as  a  normal  clock  regulated  by 
astronomical  observations,  or  by  the  transmission  of  time  signals  from  an  observa- 
tory, must  be  admitted  to  be  great ;  but  those  who  have  had  much  practical  experi- 
ence in  the  matter  are  aware  of  the  serious  drawback  which,  in  spite  of  every  pre- 
caution, will  occasionally  arise  from  failure  in  thejgalvanic  current,  and  which  neces- 
sarily causes  all  the  sympathetic  clocks  to  stop.  We  think,  therefore,  that  the 
members  of  the  British  Association  for  the  Advancement  of  Science  will  be  gratified 
to  hear  of  an  invention  which  sacrifices  nothing  in  point  of  accuracy,  and  which  is, 
nevertheless,  perfectly  exempt  from  the  objection  to  which  we  have  alluded. 

For  the  discovery  of  this  simple  and  very  beautiful  method,  we  are  indebted  to 
Mr.  R.  L.  Jones,  of  Chester ;  and  the  first  application  of  it  to  a  large  public  clock 
was  to  that  of  the  Liverpool  Town  Hall.  This  clock  being  appealed  to  by  the  mer- 
chants on  change  as  the  standard  of  time,  had  subjected  them  to  great  incon- 
venience by  its  irregular  performance,  and  at  my  recommendation  the  plan  of  Mr. 
Jones  has  been  adopted  with  perfect  success.  The  clock  in  its  present  state,  with 
the  improvements  which  have  been  made,  differs  in  no  respect  from  an  ordinary  old 
turret  clock,  except  that  the  pendulum-bob  is  a  hollow  electro-magnetic  coil,  which 
passes  around  permanent  magnets  at  each  oscillation.  At  each  transmission  of  a 
current  from  our  normal  clock  at  the  Observatory,  the  coil  itself  becomes  a  magnet, 
and  the  attraction  or  repulsion  between  it  and  the  permanent  magnet  prevents  the 
pendulum  from  oscillating  except  in  strict  conformity  with  the  pendulum  at  the 
Observatory.  The  wire  which  connects  the  Town  Hall  clock  with  the  clock  at  the 
Observatory  is  about  one  mile  in  leugth,  and  the  controlling  power  is  so  great,  that  a* 
single  cell  of  a  Smee's  battery  charged  with  very  weak  acid  is  sufficient  to  control 
the  movements  of  the  Town  Hall  clock,  even  when  the- pendulum  is  lengthened  or 
shortened  so  as  to  make  it  lose  or  gain  several  minutes  a  day  when  not  under  the 
control  of  the  clock  at  the  Observatory.  In  practice,  however,  the  pendulum  is 
regulated  to  correct  time  as  near  as  possible,  so  that  in  the  event  of  the  current 
failing,  the  clock  will  not  only  continue  to  go,  but  it  is  liable  to  the  errors  only  of  an 
ordinary  clock ;  and  as  an  error  so  small  even  as  a  fraction  of  a  second  is  sufficient 
to  show  that  the  current  is  not  controlling,  the  fault  may  be  detected  and  the  remedy 
applied  before  the  public  are  subjected  to  any  inconvenience. 

By  this  method  therefore  it  is  quite  practicable  to  make  all  the  public  clocks  in  a 
town,  or  any  number  of  clocks  in  a  large  building,  strike,  or  keep  the  same  time  to  a 
fraction  of  a  second,  without  the  risk  of  inconvenience  by  failure  of  the  electric 
current,  since  all  the  clocks  would  go  as  ordinary  clocks  should  the  current  fail. 

This  method  of  controlling  the  pendulum  of  a  large  public  clock  has  been  in  opera- 
tion at  Liverpool  for  several  months  past,  and  the  public  have  an  opportunity  each 
hour  of  the  day  of  witnessing  the  efficiency  of  the  method.  In  the  office  window  of 
the  Magnetic  Telegraph  Company,  which  is  within  a  few  yards  of  the  Liverpool 
Town  Hall,  there  is  a  sympathetic  seconds  clock,  the  face  of  which  is  exhibited  to 
the  public.  This  clock  is  worked  by  our  normal  clock  at  the  Observatory ;  and  as 
the  seconds'  hand,  at  the  end  of  each  hour,  falls  upon  the  sixtieth  second,  the  first 
blow  of  the  hammer  of  the  Town  Hall  clock  breaks  upon  the  ear,  much  to  the 
admiration  and  astonishment  of  a  large  number  of  persons  who  congregate  daily  to 
witness  this  novel  performance. 

Hie  normal  clock  at  the  Observatory  is  an  ordinary  astronomical  clock,  the  con- 
tact-springs of  which  are  so  slight  as  not  to  interfere  sensibly  with  its  performance. 
It  will  be  seen,  therefore,  that  by  placing  a  good  astronomical  clock  in  any  build- 
ing; a  turret  or  any  other  clocks  may  be  connected  and  their  movements  controlled 
by  it,  and  a  degree  of  accuracy  secured  which  has  hitherto  not  been  attained. 
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Q*  tie  Amount  and  Frequency  of  the  Magnetic  Disturbance*  and  of  the 
Aurora  at  Point  Barrow,  on  the  Shores  of  the  Polar  SecU  By  Major- 
General  Sabine,  Treas.  R.S. 

Point  Barrow  is  the  most  northern  cape  of  that  part  of  the  American  continent 
which  lies  between  Behring's  Strait  and  the  Mackenzie  River.  It  was  die  station 
of  H.M.S. '  Plover'  from  the  summer  of  1852  to  the  summer  of  1854,  and  to  Gap- 
tain  Maguire,  now  in  the  Section,  and  to  the  officers  of  thai  ship,  they  were  indebted 
for  the  very  valuable  series  of  observations  which  he  was  now  about  to  lay  before 
the  Section,  and  in  part  discuss. 

They  were  furnished  with  supplies  of  provisions,  &c.  for  Sir  John  Franklin's 
ships,  had  they  succeeded  in  making  their  way  through  the  land-locked  and  ice* 
encumbered  channel,  through  which  they  sought  to  effect  a  passage  from  the  Atlan- 
tic to  the  Pacific.  In  this  most  dreary  and  otherwise  uninteresting  abode  Capt. 
Maguire  and  his  officers  happily  found  occupation  during  seventeen  months  unre- 
mittingly, in  observing  and  recording  every  hour  the  variations  of  the  magnetic  and 
concomitant  auroral  phenomena,  in  a  locality  perhaps  one  of  the  most  important 
on  the  globe  for  such  investigations.  Their  observatory,  placed  on  the  sand  of 
the  shore,  which  for  a  long  tract  nowhere  rose  much  more  than  5  feet  above  the 
sea,  was  constructed  of  slabs  of  ice,  and  lined  with  seal-skins  throughout.  The 
instruments  had  been  supplied  by  the  Woolwich  establishment,  together  with  the 
requisite  instructions  for  their  use ;  and  the  observations  were  made  and  recorded 
precisely  in  the  same  manner  as  those  of  the  Colonial  magnetic  observatories.  Tbae 
were  sent  by  Capt.  Maguire  to  the  Admiralty,  and  were  in  due  course  transmitted 
to  General  Sabine,  by  whom  they  were  subjected  to  the  same  processes  of  reduction 
as  those  made  in  the  Colonial  observatories. 

The  author  then  exhibited  to  the  Section  six  diagrams,  containing  the  results  of 
this  discussion,  giving  the  reduced  observations  at  each  of  the  hours  of  the  twentv- 
four.  A  sufficient  body  of  the  larger  disturbances  having  been  separated  from  the 
rest,  it  was  found  at  Point  Barrow  as  elsewhere,  wherever  similar  investigations 
had  been  made,  that  in  regard  to  the  frequency  of  their  occurrence,  and  the  average 
amounts  of  easterly  and  westerly  deflections,  the  disturbances  followed  systematic 
laws  depending  on  the  hours  of  solar  time.  The  laws  of  the  easterly  and  westerly 
deflections  were  also  found  at  Point  Barrow,  as  elsewhere,  to  be  distinct  and  dissi- 
milar. The  author  explained  how  these  observations  were  separated  from  the  rest, 
for  the  purpose  of  this  investigation.  Upon  instituting  a  comparison  between  the 
disturbance  laws  at  Point  Barrow  and  Toronto,  it  was  found  that  the  laws  of  the 
deflections  of  the  same  name  at  the  two  stations  did  not  correspond  ;  but,  on  the 
other  hand,  that  there  existed  a  very  striking  and  remarkable  correspondence  between 
the  law  observed  by  the  easterly  at  Point  Barrow  and  the  westerly  at  Toronto,  and 
between  the  law  of  the  westerly  at  Point  Barrow  and  easterly  at  Toronto ;  this 
correspondence  was  shown  to  exist  not  in  slight  or  occasional  particulars  only,  hot 
throughout  all  the  hours  in  well-marked  characteristics  of  both  classes  of  phenomena  ; 
and  from  the  correspondence  in  the  hours  at  which  opposite  disturbance  deflections 
prevail,  it  follows  that  the  portion  of  the  diurnal  variation  which  depends  upon  the 
disturbances  has  opposite,  or  nearly  opposite,  characteristics  at  the  two  stations.  The 
importance  of  eliminating  these  disturbances  from  the  regular  march  of  the  solar  vari- 
ation was  then  pointed  out ;  for  when  the  diurnal  variation  is  derived  from  the  whole 
body  of  observations  at  Point  Barrow,  retaining  the  disturbances,  the  westerly  ex- 
treme of  the  diurnal  excursion,  which,  as  is  well  known,  occurs  generally  in  the 
extra- tropical  part  of  the  northern  hemisphere  a  little  after  1  p.m.,  is  found  to  take 
place  at  1 1  p.m.  j  but  when  these  larger  disturbances  are  omitted,  the  westerly  extreme 
is  brought  back  to  the  same  time  as  elsewhere,  viz.  1  p.m.  ;  and  the  author  suggested 
the  probability  that  the  anomalies  which  have  sometimes  been  supposed  to  exist  in 
the  turning  hours  of  the  solar  diurnal  variation  in  high  latitudes  may  be  susceptible 
of  a  similar  explanation.  It  appears,  then,  by  a  comparison  of  the  Point  Barrow 
and  Toronto  observations,  that  in  the  regular  solar-diurnal  variation  the  progression 
at  the  two  stations  is  similar,  the  easterly  and  the  westerly  extremes  being  each 
reached  nearly  at  the  same  hours,  whilst  in  the  disturbance  diurnal  variation  this 
progression  is  reversed.    Another  distinction  exists  in  their  magnitudes,  which  art 
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found  la  the  solar-diurnal  variation  to  be  as  nearly  as  may  be  i 

the  values  of  the  horizontal  force  at  the  two  stations  (which  is  1 

opposing  all  magnetic  variations),  whilst  on  the  other  hand  the  incn 

of  the  disturbance  variation  is  many  times  greater  than  it  would  be  according  to  the 

same  proportion.     It  would  appear,  therefore,  that  the  energy  of  the  disturbing 

force  must  be  much  greater  at  Point  Barrow  than  at  Toronto. 

The  autbor  then  proceeded  to  point  out  the  concomitant  occurrences  of  the  auroral 
manifestations.  The  observers  noted  at  each  hour  whether  or  not  there  was  an 
aurora  visible:  from  11  a.m.  to  3  P.M.  no  auroral  displays  were  ever  observed; 
but  the  number  of  them  was  found  progressively  to  increase  from  3  p.m.  to  1  a.m., 
and  then  again  in  regular  progression  to  decrease  to  0,  at  11  a.m.  The  frequency 
of  the  occurrence  of  the  aurora  may  be  judged  of,  when  it  is  shown  that  during  six 
months, — December,  January,  and  February  of  1852-58,  and  the  same  of  1858-54, 
— the  aurora  was  seen  six  days  out  of  every  seven.  The  hour  of  the  day  at  which 
no  auroral  display  is  ever  observed  corresponds  with  the  minimum  of  westerly  dis- 
turbance, while  the  maximum  of  both  is  found  at  the  same  hour  of  westerly  dis- 
turbance, viz.  1  a.m.  The  frequency  of  the  aurora,  also,  and  the  amount  of  west- 
erly deflection  of  the  magnet  also  accord ;  whilst  on  the  other  hand,  the  auroral 
hours  appear  to  have  little  or  nothing  in  common  with  the  turning  hours  or  the  pro- 
gression of  the  easterly  deflections. 

When  Sir  John  Franklin  was  going  out  on  the  expedition  which  deprived  his 
country  of  the  invaluable  services  of  himself  and  his  brave  companions,  he  had  bees 
furnished  by  the  Admiralty  with  instruments  carefully  adjusted  and  compared  with 
standards,  and  with  full  instructions  for  their  use,  and  for  the  making  and  recording 
hourly  magnetic  observations  in  the  several  stations  he  might  occupy  in  these  seas ; 
and  in  the  last  letter  which  had  ever  been  received  from  him,  he  had  expressed  his 
determination  to  pot  up  those  instruments  at  the  several  stations  at  which  he  should 
winter.  Now  when  his  ardour  in  these  pursuits  and  that  of  Captain  Crosier,  the 
second  in  command,  and  the  other  officers,  were  taken  into  account,  there  could 
remain  no  doubt  that  such  observations  had  been  made  and  recorded,  and  that  these 
records  may  still  exist  if  the  ships  themselves  have  not  been  destroyed.  Parties 
quitting  the  ships  with  the  prospect  before  them  of  a  long  and  perilous  journey  to 
the  Hudson's  Bay  settlements  would  not  be  likely  to  charge  themselves  with  Suafe 
records,  but  would  leave  them,  well  secured,  to  be  found  by  those  who  they  might 
naturally  expect  would  be  sent  to  search  for  them.  He  had  therefore  no  doubt  that 
if  the  ships  of  Sir  John  Franklin  were  still  in  existence,  the  records  of  more  than  one 
winter's  observations  would  be  found  in  their  cabins ;  and  this  was  one  of  the  reasons 
why  men  of  science  were  so  anxious  to  have  the  ships  carefully  looked  for  \  it  was 
a  duty  to  the  memories  of  those  who  had  sacrificed  their  lives  in  procuring  these 
and  other  valuable  results,  to  have  them  recovered  if  possible. 


Brief  Account  of  the  Construction  and  Effects  of  a  very  Powerful  Induction 
Apparatus,  devised  by  Mr.  E.  S.  Ritchie,  of  Boston  f  United  States.  By 
Professor  W.  B.  Rogers. 

In  this  the  secondary  coil  is  formed  by  winding  the  wire  in  such  manner  as  to 
make  a  series  of  flat  spirals,  having  each  the  thickness  of  a  single  wire,  and  thus 
building  up  the  coil  by  thin  transverse  strata.  The  primary  coil  is  covered  by  a 
gutta-percha  tube,  and  this  by  a  closely  fitting  bell-glass,  knobbed  at  the  upper  end, 
and  having  a  widely  expanded  lip  below.  Over  the  whole  is  placed  the  secondary 
coil.  By  this  arrangement  the  discharge  between  the  core  and  the  secondary  coil 
is  effectually  prevented.  Very  perfect  means  are  used  for  preventing  any  discharge 
within  the  secondary  coil,  between  its  different  parts.  With  a  secondary  coil  of 
30,000  feet  of  wire.  No.  34,  and  using  one  Bunsen  cell,  this  apparatus  gives  a  spark 
6  inches  in  length.  When  the  coil  is  increased  to  50,000  or  60,000  feet,  and  four 
cells  are  used,  the  spark  is  lengthened  to  upwards  of  10  inches,  and  has  been  passed 
continuously  through  an  interval  of  10|  inches.  The  primary  coil  is  formed  of 
No.  9  wire,  and  is  about  80  feet  in  length.  The  condenser,  made  of  tinfoil  sepa- 
rated by  oiled  silk,  has  a  surface  in  this  larger  apparatus  of  about  30  feet.  Prof. 
Rogers  referred  to  the  very  superb  phenomena  produced  by  the  passage  of  the  cur- 
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rent  through  an  exhausted  tube  of  great  length  and  diameter,  and  to  those  exhibited 
by  the  beautiful  arrangement  known  as  Gassiot's  Cascade,  which,  with  other  pheno- 
mena of  electrical  light,  were  developed  by  this  apparatus  with  a  splendour  perhaps 
never  before  equalled.  

Researches  on  the  Correlation  of  Dynamic  Electricity  and  the  other  Phytkd 
Forces.    By  M.  Louis  Soret. 
Introduction. 

Suppose  an  electric  circuit  composed,  for  example,  of  a  voltaic  battery,  the  poles 
of  which  are  united  by  a  conductor.  Suppose,  in  the  first  place,  that  all  parts  of 
this  circuit  are  sufficiently  distant  from  any  other  conducting  or  magnetic  body,  that 
the  current  cannot  exert  any  exterior  action.  The  facts  may  then  be  represented  m 
the  following  manner.  In  the  battery,  a  chemical  action,  the  primary  source  of  force, 
is  set  up.  If  the  two  poles  be  disunited,  the  chemical  action  can  nevertheless  take 
place;  this  production  of  force  is  manifested  by  heat  evolved  in  the  battery  itself.  If 
the  poles  be  united  by  a  conductor,  a  part  of  this  force  is  converted  into  electricity ; 
it  manifests  itself  without  the  battery  in  the  conductor,  where  it  again  becomes  trans- 
formed into  heat.  According  to  M.  De  la  Rive  and  M.  Favre,  the  sum  of  the  qu*n« 
tities  of  heat  disengaged  in  the  battery  and  in  the  rest  of  the  circuit,  has  a  constant 
value  for  the  same  amount  of  chemical  action*  a  law  which  is  perfectly  in  accordance 
with  the  principle  of  the  conservation  of  forces.  This  quantity  of  active  force,  which 
is  usually  manifested  in  the  form  of  heat,  may  be  called  the  interior  work  of  lit 
circuit. 

Now  suppose  the  current  to  act  upon  bodies  external  to  its  own  circuit ;  we  know 
that  it  may  produce  currents  of  induction,  magnetization,  &c,  forces  which  may 
themselves  be  converted  either  into  heat  or  into  mechanical  work.  This  new  quan- 
tity of  active  force  may  be  called  the  exterior  work  of  the  circuit. 

If  it  were  to  be  supposed  that  nothing  was  changed  in  the  primary  circuit  when 
it  had  to  exert  an  exterior  action,  that  the  interior  work  has  its  value  whether  or  no 
the  current  produces  exterior  work,  this  would  lead  us  to  admit  a  creation  of  fine, 
and  to  place  ourselves  in  complete  opposition  to  the  fundamental  principles  of 
mechanics. 

What  are  the  changes  into  the  phenomena  produced  in  the  interior  of  thecircoit 
when  exterior  work  is  produced  ?  in  other  words,  how  is  the  conversion  of  force 
then  effected  ?  This  is  the  question,  the  investigation  of  which  I  have  set  before  me. 

We  are  already  aware,  principally  from  the  researches  of  M.  Jacobi,  that  whes 
mechanical  work  is  produced  by  means  of  electricity  with  the  aid  of  an  electro-mag- 
netic machine,  the  current  employed  diminishes  in  intensity ;  with  this  diminution 
of  intensity,  a  diminution  of  the  heat  evolved  in  the  circuit  must  necessarily  cor* 
respond.  But  it  appears  to  me  that  the  explanation  is  far  from  being  satisfactory. 
In  fact,  at  the  same  time  that  the  intensity  of  the  current  is  weakened,  the  chemical 
action  is  also  weakened  ;  and  according  to  Faraday's  law,  which  appears  tc  be  now 
well  established,  it  is  admitted  that  the  amount  of  chemical  work  produced  in  the 
battery  is  always  proportionate  to  the  intensity  of  the  current.  It  results  from  this, 
that,  as  regards  the  chemical  action,  we  may  perfectly  assimilate  a  current  whose 
intensity  is  weakened  because  it  produces  exterior  work,  with  another  current  which 
exerts  no  exterior  action,  but  of  which  the  intensity  is  less.  We  may  therefore 
conceive  two  circuits,  one  only  producing  interior  work,  the  other  producing  exterior 
work  in  addition,  but  having  both  the  same  intensity,  and  consequently  consuming 
the  same  quantity  of  zinc  in  the  two  batteries  to  which  they  owe  their  origin ;  can 
we  suppose  that  the  interior  work  will  be  the  same  in  both  circuits  ?  Evidently  not; 
this  again  would  be  to  admit  a  creation  of  force.  A  change,  for  example,  a  diminu- 
tion in  the  heat  evolved,  must  supervene,  either  in  the  part  of  the  circuit  which 
exerts  the  exterior  action  by  induction,  or  in  the  battery  itself;  or  else  Faraday's 
law  ceases  to  be  correct  in  this  case. 

I  am  far  from  having  arrived  at  the  solution  of  this  question ;  and  for  the  present 
I  must  confine  myself  to  the  investigation  of  some  of  its  elements. 
First  Mmioir.— On  the  variations  of  intensity  undergone  by  the  electric  cams/ 
when  it  produces  mechanical  work. 

When  an  electric  current  is  employed  in  setting  any  machine  in  motion,  it  i 


TRANSACTIONS  OF  THE  8ECTION8.  17 

goes  variations  of  intensity  as  soon  as  there  is  a  relative  displacement  of  the  parts 
of  the  apparatus  which  attract  or  repel  each  other  under  the  influence  of  the  elec- 
tricity. This  phenomenon  may  be  explained  by  the  production  of  currents  of  induc- 
tion in  the  conductor  itself,  in  which  the  principal  current  is  propagated.  M.  Jacobi 
has  been  the  first  to  insist  upon  this  point  in  different  memoirs.  The  simplicity  of 
the  formulae  at  which  he  arrived  has  been  contested  by  M.  Marie  Davy  (Comptes 
Rendos  de  l'Acad.  des  Sciences,  1855).  I  was  of  course  obliged  to  attend  to  this 
subject,  and  I  shall  give  a  brief  summary  of  the  results  of  this  investigation,  results 
which  are  for  the  most  part  well  known  or  easy  to  foresee,  but  which  have  not  per- 
haps been  exhibited  in  a  sufficiently  general  manner,  and  of  which  all  the  conse- 
quences have  not  been  examined. 

Past  I. — The  phenomena  which  are  here  in  question  may  be  summed  up  in  the  fol- 
lowing manner: —  When  an  electric  current  cause*  the  attraction  of  two  pieces  of  an  appa- 
ratus, if  these  two  pieces,  yielding  to  this  attraction,  are  set  in  motion,  a  diminution  of  the 
intensity  of  the  current  is  observed  ;  and  inversely,  when  these  two  pieces  which  mutu- 
ally attract  each  other  are  compelled  to  move  in  a  direction  opposed  to  that  which  the 
attraction  tends  to  give  them,  we  observe  an  augmentation  of  the  intensity  of  the  current 
whilst  this  movement  is  being  effected.  This  law  appears  to  flow  from  the  principle 
of  Lery  upon  induction.  I  have  verified  it  experimentally  in  four  principal  cases, 
in  which  a  movement  may  be  produced  by  the  action  of  the  current.  I  have  also 
examined  two  other  cases  which  do  not  answer  directly  to  the  enunciation  of  the 
law. 

Most  frequently  these  variations  of  intensity  cannot  be  proved  by  the  direct 
measurement  of  the  current  by  means  of  a  galvanometer,  for  they  are  too  small  in 
proportion  to  the  total  intensity ;  it  is  necessary  to  have  recourse  to  a  more  delicate 
method,  such  as  that  employed  by  Wheatstone,  Svanberg,  &c,  which  has  been 
sometimes  designated  by  the  name  of  the  method  of  the  galvanic  bridge ;  at  other 
times,  especially  when  permanent  magnets  entered  into  the  composition  of  the 
apparatus,  it  was  necessary  to  be  satisfied  with  proving  the  presence  of  a  current 
of  induction  in  a  conducting  wire  suitably  arranged. 

The  four  principal  cases  which  I  have  investigated  are  the  following : — 

1.  Attraction  of  a  piece  of  soil  iron  by  an  electro-dynamic  coil ;  each  time  that 
the  piece  of  soft  iron  penetrates  into  the  interior  of  the  coil,  or  emerges  from  it,  a 
diminution  or  an  augmentation  of  the  current  is  observed. 

2.  Attraction  of  a  piece  of  soft  iron  by  an  electro-magnet.  The  law  is  easily 
verified,  even  without  the  employment  of  the  galvanic  bridge,  if  a  strong  electro- 
magnet be  used. 

3.  Mutual  attraction  of  two  coils,  of  which  one  can  penetrate  into  the  interior  of 
the  other.    The  variations  of  intensity  are  very  slight. 

4.  Rotation  of  magnets  by  currents,  and  of  currents  by  magnets.  The  intensity 
of  the  current  is  weaker  when  the  apparatus  is  in  motion  under  the  influence  of  the 
current ;  it  is  stronger  when  it  is  forced  to  take  a  rotatory  movement  opposed  to 
that  which  it  would  naturally  take.  These  variations  of  intensity,  which  are  very 
Blight,  arise  from  currents  of  axial  induction,  according  to  the  denomination  of 
M.  Matteucci. 

The  secondary  cases,  which  I  have  also  studied,  are, — 

5.  Attraction  of  an  armature  of  soft  iron  by  a  permanent  magnet.  If  the  per- 
manent magnet  be  surrounded  by  a  coil,  of  which  the  extremities  are  in  communi- 
cation with  a  galvanometer,  the  latter  shows,  at  the  moment  when  the  armature  is 
attracted,  a  current  of  which  the  direction  is  the  same  as  that  which  would  be  pro- 
duced by  a  momentary  diminution  of  the  magnetism  of  the  magnet.  When  the 
armature  is  pulled  away,  the  current  is  in  the  opposite  direction,  as  if  there  were  an 
augmentation  of  the  magnetism.  These  facts  may  be  considered  as  confirming  the 
law  enounced. 

6.  Magnetism  of  rotation.  It  is  well  known,  that  when  a  sphere  of  copper  is 
made  to  turn  rapidly  between  the  poles  of  an  electro-magnet,  currents  of  induction 
are  developed  in  the  sphere  which  present  a  considerable  resistance  to  the  movement 
of  rotation.  The  motion  of  the  sphere  of  copper  is  always  contrary  to  that  which 
the  forces  emanating  from  the  electro-magnet  tend  to  impress  upon  it ;  but  these 
only  originate  when  the  movement  takes  place.     If  the  law  were  still  applicable  in 
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this  case,  we  ought  to  find  a  permanent  augmentation  of  the  intensity  of  the  ear- 
rent  as  long  as  the  sphere  is  in  rotation.  Different  causes,  amongst  others  the  con- 
cussion which  inevitably  accompanies  the  rapid  motion  of  the  sphere,  render  the 
experiments  very  difficult.  The  following,  however,  are  the  results  which  I  have 
obtained.  When  the  sphere  is  set  in  rotation,  as  long  as  its  rapidity  continues  in- 
creasing, a  current  of  induction  is  developed,  and  this  being  added  to  the  primitive 
current,  slightly  increases  its  intensity ;  when  the  movement  of  the  sphere  is  uni- 
form, the  intensity  again  becomes  the  same  as  when  the  sphere  was  without  motion; 
lastly,  when  the  rotation  becomes  slower,  the  intensity  is  slightly  diminished. 

This  case,  therefore,  does  not  come  under  the  ordinary  rule,  which  is  accounted 
for  because  we  cannot  suppose  that  the  current  really  produces  any  mechanical 
work :  it  acts  like  a  force  which  would  tighten  a  check  ;  the  resistance  which  the 
sphere  experiences  is  analogous  to  a  friction,  and  becomes  converted  into  neat, 
according  to  the  experiment  of  M.  Foucault. 

Part  II. — In  his  researches  upon  the  theory  of  electromotors,  M.  Jacobihasoaiy 
occupied  himself  with  the  case  in  which  the  movement  of  the  machine  takes  place  in 
he  natural  direction.  But  nothing  in  the  formulae  which  he  has  given  prevents  their 
application  to  the  case  in  which  the  machine  is  compelled  to  take  a  movement  oppo- 
site to  that  which  it  tends  to  take  under  the  influence  of  the  electric  forces.  It  is 
sufficient  to  give  a  negative  value  to  the  rapidity  v.  We  then  arrive  at  singular 
consequences. 

In  this  case,  the  current  of  induction  which  M.  Jacobi  has  called  the  coaa/er-esr- 
rent,  would  become  negative,  that  is  to  say,  it  would  be  in  the  same  direction  as  the 
principal  current,  consequently  the  total  current  would  be  stronger  whilst  the 
machine  is  animated  by  a  negative  rapidity  than  when  it  is  stopped. 

Giving  the  rapidity  a  negative  value,  JL  the  total  current  would  acquire  an  in- 
finite intensity  (formula  10  of  M.  Jacobi,  'Annates  de  Chimie  et  de  Physique,*  xxxiv. 
p.  451).  Now  this  rapidity  would  not  be  very  great.  At  the  same  time  that  the  in- 
tensity of  the  current  would  become  infinite,  the  mechanical  work  which  it  would  be 
necessary  to  apply  to  the  machine  to  give  it  this  rapidity  would  itself  become  infinite 
(formula  19).  From  this  it  would  follow,  that  by  causing  the  machine  to  move  in 
a  direction  opposite  to  its  natural  movement,  the  intensity  of  the  current  might  be 
augmented  indefinitely,  and  consequently  mechanical  work  might  be  unlimited,  con- 
verted into  electric  current. 

Lastly,  on  this  negative  rapidity  being  still  more  increased,  die  current  would 
change  its  direction. 

It  is  useless  to  dwell  upon  the  theoretical  and  practical  importance  which  would 
be  possessed  by  these  consequences  if  they  were  realized.  A  priori  we  might  think 
that  it  was  impossible  they  should  be  absolutely  verified,  for  the  laws  upon  which 
the  calculation  is  founded  have  been  determined  between  certain  limits  and  would 
cease  to  be  correct  if  we  passed  those  limits ;  moreover,  electro-magnetic  machines 
present,  in  their  construction,  certain  obstacles  which  would  prevent  the  absolute 
realization  of  these  phenomena. 

But,  on  making  the  experiment,  far  from  seeing  the  intensity  of  the  current  inde- 
finitely increased,  when  a  reversed  motion  is  given  to  the  machine,  we  observe  that 
the  current  is  weakened  almost  as  much  as  if  the  movements  were  effected  in  the 
normal  direction.  Thus,  in  an  experiment  made  with  a  small  electro-magnetic 
machine,  constructed  by  Froment,  the  needle  of  a  galvanometer  deviated  57°  when 
the  machine  was  kept  still ;  on  setting  the  machine  in  motion  so  that  242  revolutions 
in  a  minute  were  recorded,  the  deviation  fell  to  30° ;  and  on  making  it  move  in  the 
opposite  direction  with  the  same  rapidity,  the  deviation  was  32°. 

The  results  differ  so  widely  from  the  deductions  of  calculation,  that  we  most 
necessarily  admit  the  inexactitude  of  the  formulae. 

We  have  already  said  that  M.  'Marie'  Davy  had  disputed  them  ;  he  has  indicated 
two  elements  which  have  been  neglected  in  the  calculation,  namely,  the  electricd 
inertia  proper  to  conductors,  and  the  inertia  which  arises  from  these  conductors 
being  rolled  in  a  spiral,  in  such  a  way  that  the  turns  of  the  spire  act  upon  each  other 
by  induction.  M.  Jacobi  has  also  neglected  a  still  more  important  element,  which 
M.  Marie*  Davy  has  perhaps  recognized  and  indicated  in  a  recent  memoir  presented 
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to  the  Academy  of  Sciences,  of  which  the  title  alone  is  mentioned  in  the  '  Comptes 
Reudas.'  This  is  the  induction  which  magnetization  must  produce  at  the  moment 
of  the  closure  of  the  circuit :  as  soon  as  the  current  traverses  the  coils  of  a  machine* 
the  iron  nucleus  which  they  contain  becomes  magnetized,  and  this  magnetization 
most  produce  an  energetic  current  of  induction  in  a  direction  opposed  to  that  of 
the  primitive  current.  When  the  circuit  is  interrupted,  the  demagnetization  tends 
to  produce  a  direct  current  of  induction ;  but  it  cannot  propagate  itself,  because  the 
circuit  is  interrupted.    The  two  effects  therefore  do  not  compensate  one  another. 

However,  I  shall  refer  to  these  experiments,  which  show  very  clearly  the  necessity 
of  taking  this  element  into  account. 

1.  A  small  electro-magnetic  machine  made  by  Froment  was  employed.  It  con- 
sists of  a  wheel  furnished  with  six  pieces  of  soft  iron  passing  successively  before  the 
poles  of  three  horseshoe  electro-magnets.  The  axle  which  bears  this  wheel,  also 
bears  the  commutator.  The  wheel  and  the  pieces  of  soft  iron  were  removed, 
leaving  the  axle  and  the  commutator  in  their  places.  Of  course  the  machine 
could  no  longer  progress  of  itself,  but  the  axle  could  be  made  to  rotate,  by  trans- 
mitting to  it  in  a  suitable  manner  the  motion  of  a  wheel  turned  by  a  handle.  There 
were  then  produced  in  the  electro-magriets,  alternations  of  magnetization  and  de- 
magnetization similar  to  those  which  take  place  when  the  machine  is  in  motion 
under  the  influence  of  the  current.  When  the  current  is  passed  without  the  axle 
being  set  in  rotation,  the  deviation  of  the  galvanometer  was  48° ;  then  on  setting  the 
axle  in  motion  so  as  to  make  408  turns  in  a  minute,  the  deviation  fell  to  about  30°,' 
when  the  rapidity  was  increased,  the  deviation  diminished  still  more. 

Thus  without  the  production  of  any  mechanical  work  by  the  machine,  and  with- 
out the  development  of  those  counter-currents  arising  from  the  approximation  of 
pieces  by  mutual  attraction,  we  see  that  the  current  is  considerably  diminished. 
This  result  appears  to  me  to  be  perfectly  incompatible  with  the  calculations  of  M. 
Jacobi. 

2.  A  circuit  was  formed,  consisting  of  a  battery,  a  watch-work  interrupter,  and 
a  coil  into  which  a  cylinder  of  soft  iron  might  be  introduced  at  pleasure.  A  mag- 
netized needle  placed  below  a  portion  of  the  current  deviated  32°  when  the  iron 
cylinder  was  not  put  into  the  interior  of  the  coil ;  but  as  soon  as  it  was  introduced, 
the  deviation  fell  to  25°. 

3.  By  means  of  a  battery  motion  was  given  to  an  electro- magnetic  machine,  the 
movement  of  which  was  produced  by  the  magnetization  and  demagnetization  of  a 
single  electro- magnet,  in  such  a  way  that  the  current  was  interrupted  in  the  whole 
circuit  during  the  period  of  demagnetization.  The  circuit  also  included  a  coil  of  con- 
siderable resistance ;  the  moment  a  cylinder  of  soft  iron  was  introduced  into  this 
coil,  the  motion  of  the  machine  was  notably  retarded. 

These  three  experiments  show  in  a  striking  manner  the  loss  of  force  which  is 
caused  by  the  employment  of  non-continuous  currents  in  electro-magnetic  machines. 
There  is  in  this  case  an  analogy  with  ordinary  steam  engines,  in  which  a  great  part 
of  the  force  which  might  be  produced  by  the  heat  is  uselessly  employed.  Better 
results  in  this  respect  would  doubtless  be  obtained,  if  we  could  succeed  in  con- 
structing machines  of  a  certain  force,  founded  upon  the  principle  of  the  rotation  of 
currents  by  currents,  or  vice  vend.  But  hitherto  these  machines  have  had  too  little 
power  to  allow  of  their  being  employed  as  motors. 

Second  Mbmoir. — On  the  heat  evolved  by  the  current  in  a  conductor,  arranged  bo  08 
to  produce  exterior  work. 

I  have  already  stated  that  when  a  circuit  produces  exterior  work,  a  change  must 
be  produced  in  the  interior  work,  that,  for  example,  there  must  be  a  diminution  in 
the  heat  evolved  either  in  the  part  of  the  circuit  which  effects  the  exterior  action  by 
induction,  or  in  the  battery  itself.  The  former  of  these  suppositions  has  been  in- 
vestigated in  this  memoir. 

The  question,  then,  is  to  know,  if  a  coil,  for  example,  when  traversed  by  a  current, 
undergoes  the  same  elevation  of  temperature  when  it  exerts  no  exterior  action,  and 
when  it  exerts  one,  such  as  the  alternations  of  magnetization  and  demagnetization 
which,  it  produces  upon  a  nucleus  of  6oft  iron  when  the  current  is  not  continuous. 

The  method  adopted  consists  in  arranging,  in  the  same  circuit,  two  coils,  each 
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placed  in  a  calorimeter,  which  measure  the  quantities  of  heat  evolved.  We  determine, 
id  the  first  place,  the  relative  quantities  of  heat  evolved  in  the  two  coils  when  neither 
of  them  exerts  any  exterior  action.  The  apparatus  is  then  arranged  so  that  one  of 
the  coils  may  produce  exterior  work,  and  we  see  whether  the  relative  quantities  of 
heat  remain  the  same. 

The  coils  employed  were  of  copper  wire  covered  with  silk ;  they  were  placed  « 
calorimeters  filled  with  rectified  oil  of  turpentine,  a  non-conducting  liquid,  of  which 
the  elevation  of  temperature  was  determined.  The  calorimeters  first  employed  were 
brass  vessels,  of  which  the  annular  form  would  allow  of  the  introduction  into  the 
interior  of  the  coil,  of  a  cylinder  of  soft  iron,  or  of  the  body  upon  which  the  exterior 
action  was  to  be  exerted/  Subsequently  glass  calorimeters  were  made  use  of.  The 
caloriraetric  methods  of  M.  Regnault  were  adopted. 

In  operating  with  a  brass  calorimeter  and  a  cylinder  of  soft  iron  in  the  interior  of 
the  coil,  currents  of  induction  are  developed  iu  the  walls  of  the  calorimeter  itself, 
which  evolve  a  great  quantity  of  heat ;  the  experiments  made  in  this  way  conse- 
quently present  a  very  considerable  source  of  error,  but  they  demonstrate  that  the 
exterior  work  exerted  by  the  current  is  very  considerable ;  in  fact,  the  excess  of  hett 
betrayed  by  the  calorimeter  containing  the  soft  iron,  sometimes  rises  to  }th  of  the 
heat  evolved  in  the  coil  itself. 

With  glass  calorimeters,  after  the  elimination  of  numerous  causes  of  error  whkb 
render  these  experiments  very  delicate,  a  negative  result  was  obtained,  that  is  to 
say,  the  relative  quantities  of  heat  evolved  in  the  two  coils  were  found  not  to  be 
modified  when  one  of  these  coils  produced  an  action  exterior  to  itself  by  induction. 
The  following  are  the  numerical  results  of  the  last  experiments  which  were  made.— 

Elevations  of  temperature  of  the  calorimeter  containing 
the  coil  which  exerted  an  exterior  action. 


Observed.  Calculated.  Differences. 

4*990°  C 4-978°  C +  0  011°C. 

5647°  „ 5653°  „  -  0-006°  „ 

5*202°  „ 5-191°  „  +  0-011°  „ 

4120°  „  4088°  „  +  0032°  „ 

From  this  we  must  conclude  that  the  heat  evolved  is  the  same  in  the  two  cases, 
and  that  it  is  not  in  the  part  of  the  current  which  exerts  an  exterior  action  that  we 
most  seek  for  the  modification  which  the  interior  work  must  undergo  under  these 
circumstances. 


Description  of  an  Arrangement  of  Grove's  Battery, 
By  G.  Johnstone  Stoney,  A.M.,  M.R.LA. 

The  earthenware  cells  in  this  arrangement  were  the  ordinary  flat  cells  commonly 
used  for  Grove's  battery,  consisting  of  flat  porous  cells  containing  nitric  acid,  placed 
within  outer  cells  of  glazed  earthenware  containing  acidulated  water. 

A  sheet  of  platinum  foil  hangs  into  each  cell  of  nitric  acid,  and  on  either  side  tiro 
parallel  plates  of  zinc  stand  in  the  acidulated  water  of  the  outer  cell.  A  stout  copper 
wire  effects  the  necessary  connexion  between  the  two  zinc  plates  of  one  element  tod 
the  platinum  of  the  next.  This  connecting  wire  takes  a  form  somewhat  resembling 
that  of  an  S,  being  first  soldered  along  the  top  of  one  zinc  plate ;  then  after  a  semi- 
circular bend  brought  along  the  top  of  the  other  zinc  plate  of  the  same  element  sod 
soldered  to  it,  and  finally,  by  a  second  semicircular  bend,  brought  along  the  top  of 
the  platinum  of  the  next  element  and  soldered  to  it.  The  same  mode  of  connexion 
was  of  course  repeated  throughout  the  battery,  with  the  exception  of  trifling  and 
obvious  modifications  at  the  end  of  each  trough  of  cells.  The  soldered  joints  were 
varnished;  each  of  those  which  attach  the  platinum  plates  was  further  protected 
from  spatters  and  fumes  by  a  piece  of  loose  gutta-percha  tubing,  which  was  slipped 
lengthways  over  the  wire  after  its  under  side  had  been  slit  for  the  platinum  foil  to 
pass  through. 

The  S- shape  of  the  connecting  wires  admits  of  any  set  of  metals  being  at  any 
moment  withdrawn  or  introduced  without  disturbing  the  others. 
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The  zincs  not  being  folded  at  the  bottom  may  be  amalgamated  by  dipping  them, 
first  into  acidulated  water,  then  into  a  spare  outer  eel!  filled  with  mercury,  and 
finally  into  their  place  in  the  battery.  The  excess  of  mercury  drains  off,  and  will 
be  found  after  the  battery  has  been  taken  asunder. 

In  dismounting  the  battery,  the  whole  scries  of  metals  in  each  trough  was  with- 
drawn together  by  a  frame,  the  essential  parts  of  which  are  two  parallel  bars  of 
wood,  the  interval  between  which  can  be  adjusted,  and  which  are  somewhat  longer 
than  the  trough.  These  bars  are  first  to  be  separated  sufficiently  to  enable  the 
frame  to  be  passed  down  over  the  S-connecting  wires  of  the  metals.  The  interval 
between  the  bars  is  then  to  be  reduced,  so  that  on  raising  the  frame  all  the  metals 
arc  carried  with  it,  being  supported  by  the  projecting  semicircular  bends  of  the  con- 
necting wires  resting  on  the  bars  of  the  frame.  Frame  and  all  are  to  be  immediately 
dipped  into  a  tank  of  water,  and  the  frame  with  its  metals  then  laid  aside  to  drain 
till  the  battery  is  again  required. 

The  workmanship  of  this  form  of  battery  is  throughout  of  the  simplest  description9. 


On  Mr.  Whitehouse's  Relay  and  Induction  Coils  in  action  on  Short  Circuit 
By  Professor  W.  Thomson,  LL.D.,  F.R.S. 

The  peculiarities  of  Mr.  Whitehouse's  induction  coils,  which  fit  them  remarkably 
for  the  purpose  for  which  they  are  adapted,  as  distinguished  from  the  induction 
coils  by  which  such  brilliant  effects  of  high  intensity  are  obtained,  were  described. 
The  chief  part  of  the  telegraphic  receiving  apparatus,  the  relay,  was  fully  described, 
and  was  shown  in  action,,  through  thirty  yards  of  the  Atlantic  cable,  after  some  re- 
marks explaining  the  general  nature  of  a  relay, — an  electrical  hair-trigger.  The 
relation  of  Mr.  Whitehouse's  relay  to  the  Henley  receiving  instrument,  was  pointed 
oat.  The  author  expressed  his  conviction,  that  by  using  Mr.  'Whitehouse's  system 
of  taking  advantage  of  each  motion  for  a  single  signal,  instead  of  the  to- and- fro 
motion,  as  in  all  systems  hitherto  practised,  the  Henley  single  needle  instrument 
might  be  easily  used,  60  as  to  give  as  great  a  speed  on  one  line  of  wire  alone,  as  is 
at  present  attained  by  two  with  the  double  needle  instrument.  The  beautiful  method 
of  reading  by  bells  would  be  most  ready  and  convenient  for  giving  the  indications  to 
be  interpreted  as  the  messages,  but  the  author  believes  that  either  by  the  eye  or  ear, 
messages  may  be  read  off  with  the  rapidity  and  ease  which  will  render  the  use  of 
one  telegraph  wire  in  all  respects  as  satisfactory  as  that  of  two. 


On  the  Effects  of  Induction  in  long  Submarine  Lines  of  Telegraph* 
By  Professsor  W.  Thomson,  LL.D.,  F.R.S. 

A  general  explanation  of  the  theory  was  given,  and  the  "  law  of  squares"  was 
proved  to  be  rigorously  true.  It  was  pointed  out,  that  when  the  resistances  of  the 
instruments  employed  to  generate  and  to  receive  the  electric  current  are  consider- 
able in  comparison  with  the  resistance  of  the  line,  the  observed  phenomena  do  not 
fulfil  the  law  of  squares,  because  the  conditions  on  which  that  law  is  founded  are 
deviated  from.  The  application  of  the  theory  to  the  alternate  "positive"  and 
"  negative"  electrical  actions  used  by  Mr.  Whitehouse  for  telegraphing  was  explained, 
and  the  circumstances  which  practically  limit  the  speed  of  working  were  pointed 
out.  Curves  illustrating  the  enfeeblement  of  the  current  towards  the  remote  end  of 
the  telegraph  line,  and  the  consequent  necessity  of  the  high  pressure  system  intro- 
duced by  Mr.  Whitehouse,  were  shown.  The  embarrassment  occasioned  by  the 
great  electrical  effect  through  the  wire,  which  follows  the  commencement  of  a  series 
of  uniform  signals  with  a  full  strength  of  electrical  force,  was  illustrated  in  one  dia- 
gram, which  showed  a  succession  of  eight  impulses  following  one  another  at  equal 
intervals  of  time,  and  giving  only  one  turn  of  the  electrical  tide  at  the  remote  end, 
or  two  motions  of  the  relay,  including  the  initial  effect.    The  remedy  suggested  by 

*  For  many  purposes  to  which  a  battery  may  be  applied,  it  is  convenient  to  be  able  to 
form  a  connexion  directly  with  any  required  cell.  In  the  battery  exhibited  to  the  Associa- 
tion, this  was  simply  provided  for  by  one  end  of  each  S-wire  being  allowed  to  project  and 
turned  tip  for  a  binding-screw  to  be  soldered  to  it. 
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the  author  was  illustrated  by  another  diagram,  in  which  a  succession  of  seven  equal 
alternate  applications  of  positive  and  negative  force  following  a  first  impulse  of  half 
strength,  was  shown  to  give  seven  turns  of  the  tide  at  the  remote  end,  and  there* 
fore  eight  motions  of  the  relay,  following  one  another  at  not  very  unequal  intertill 
of  time. 


Outline  of  a  Theory  of  ike  Structure  and  Magnetic  Phenomena  of  the  Globe. 

By  J.  Drummond. 

The  author,  from  the  admitted  fact  of  our  earth  having  cooled  down  from  u 
original  state  of  fluidity,  and  that  it  now  is  a  solid  crust  enclosing  a  fluid  mass  of 
molten  materials,  held  that  there  must  be  an  action  of  the  sun  and  moon  on  this 
fluid  mass  analogous  to  that  which  caused  the  tides  of  the  ocean ;  that  from  thence 
an  outward  pressure  on  the  crust  must  result,  propagated  along  it,  in  a  manner 
similar  to  the  great  tidal  wave ;  and  from  this  principle,  in  an  elaborate  essay,  he 
deduced  the  ordinary  magnetic  phenomena,  as  well  as  volcanoes,  earthquakes,  and 
other  violent  actions ;  concluding  by  answering  objections  which  may  be  urged 
against  the  foundation  and  details  of  this  theory. 


Magnetic  Experiment*  made  on  board  the  *  Great  Eastern"  Steamer. 
By  W.  Rundell.    (Communicated  by  Admiral  FitzRoy.) 

Admiral  FitzRoy  exhibited  to  the  Section,  and  explained  tables  and  a  diagram, 
showing  the  deviations  observed  in  a  compass  placed  successively  at  each  of  eight 
stations  along  the  deck  of  the  monster  iron  vessel  now  building  at  MUlwall. 


Sound. 

On  a  singular  Acoustic  Phenomenon.    By  M.  Donovan,  MM  J  A. 

The  author  explained  the  beats  which  are  experienced  when  two  strings  toned 
nearly,  but  not  exactly,  to  unison,  are  struck  at  the  same  time.  He  then  stated 
that  Earl  Stanhope  had  observed  these  beats  in  all  the  tuning-forks  tried  by  him, 
which  he  attributed  to  inequality  of  the  prongs.  Earl  Stanhope,  in  consequence,  had 
been  at  the  pains  to  invent  a  new  tuning  instrument.  This  effect  the  author  often 
tried  to  experience,  but  never  could  succeed  until  upon  one  occasion,  just  after  he  had 
ceased  from  violent  exercise,  having  applied  the  fork  to  his  teeth,  he  distinctly  heard 
the  beats.  He  was  thus  led  to  the  true  origin  of  the  phenomenon,  which  he  cooW 
now  experience  whenever  he  wished,  by  running  a  short  distance,  particularly  up  and 
down  stairs.  The  effect  was  caused  by  the  beatings  of  his  own  heart,  which  art 
synchronous  with  those  of  the  fork. 


On  the  Effect  of  Wind  on  the  Intensity  of  Sound. 
By  Professor  G.  G.  Stokes,  MJi^ D.cJL^  Sec. R.S. 

The  remarkable  diminution  in  the  intensity  of  sound,  which  is  produced  when  i 
strong  wind  blows  in  a  direction  from  the  observer  towards  the  source  of  sound,  is 
familiar  to  everybody,  but  has  not  hitherto  been  explained,  so  far  as  the  author  is 
aware.  At  first  sight  we  might  be  disposed  to  attribute  it  merely  to  the  increase  in 
the  radius  of  the  sound-wave  which  reaches  the  observer.  The  whole  mass  of  air 
being  supposed  to  be  carried  uniformly  along,  the  time  which  the  sound  would  take 
to  reach  the  observer,  and  consequently  the  radius  of  the  sound-wave,  would  be  in- 
creased by  the  wind  in  the  ratio  of  the  velocity  of  sound  to  the  sum  of  the  velocities 
of  sound  and  of  the  wind,  and  the  intensity  would  be  diminished  in  the  inTerse 
duplicate  ratio.  But  the  effect  is  much  too  great  to  be  attributable  to  this  cause. 
It  would  be  a  strong  wind,  whose  velocity  was  a  twenty-fourth  part  of  that  c( 
sound ;  yet  even  in  this  case  the  intensity  would  be  diminished  by  only  about  • 


TRANSACTIONS  OF  THB  SECTIONS.  88 

twelfth  part.  The  first  volume  of  the  'Annates  de  Chimie'  (1816)  contains  a 
paper  by  M.  Delaroche,  giving  the  results  of  some  experiments  made  on  this  sub- 
ject It  appeared  from  the  experiments, — first,  that  at  small  distances  the  wind 
has  hardly  any  perceptible  effect,  the  sound  being  propagated  almost  equally  well  in 
a  direction  contrary  to  the  wind  and  in  the  direction  of  the  wind ;  secondly,  that 
the  disparity  between  the  intensity  of  the  sound  propagated  in  these  two  directions 
becomes  proportionally  greater  and  greater  as  the  distance  increases ;  thirdly,  that 
sound  is  propagated  rather  better  in  a  direction  perpendicular  to  the  wind  than  even 
in  the  direction  of  the  wind.  The  explanation  offered  by  the  author  of  the  present 
communication  is  as  follows.  If  we  imagine  the  whole  mass  of  air  in  the  neigh* 
bourhood  of  the  source  of  disturbance  divided  into  horizontal  strata,  these  strata  do 
not  all  move  with  the  same  velocity.  The  lower  strata  are  retarded  by  friction 
against  the  earth,  and  by  the  various  obstacles  they  meet  with ;  the  upper  by  friction 
against  the  lower,  and  so  on.  Hence  the  velocity  increases  from  the  ground  upwards, 
conformably  with  observation.  This  difference  of  velocity  disturbs  the  spherical 
form  of  the  sound-wave,  tending  to  make  it  somewhat  of  the  form  of  an  ellipsoid, 
the  section  of  which  by  a  vertical  diametral  plane  parallel  to  the  direction  of  the 
wind  is  an  ellipse  meeting  the  ground  at  an  obtuse  angle  on  the  side  towards  which 
the  wind  is  blowing,  and  an  acute  angle  on  the  opposite  side.  Now,  sound  tends 
to  propagate  itself  in  a  direction  perpendicular  to  the  sound-wave ;  and  if  a  portion 
of  the  wave  is  intercepted  by  an  obstacle  of  large  size,  the  space  behind  is  left  in  a 
sort  of  sound-shadow,  and  the  only  sound  there  heard  is  what  diverges  from  the 
general  wave  after  passing  the  obstacle.  Hence,  near  the  earth,  in  a  direction  con- 
trary to  the  wind,  the  sound  continually  tends  to  be  propagated  upwards,  and  con- 
sequently there  is  a  continual  tendency  for  an  observer  in  that  direetion  to  be  left  in 
a  sort  of  sound-shadow.  Hence,  at  a  sufficient  distance,  the  sound  ought  to  be 
very  much  enfeebled ;  but  near  the  source  of  disturbance  this  cause  has  not  yet  had 
time  to  operate,  and  therefore  the  wind  produces  no  sensible  effect,  except  what 
arises  from  the  augmentation  in  the  radius  of  the  sound-wave,  and  this  is  too  small 
to  be  perceptible.  In  the  contrary  direction,  that  is,  in  the  direction  towards 
which  the  wind  is  blowing,  the  sound  tends  to  propagate  itself  downwards,  and  to 
be  reflected  from  the  surface  of  the  earth  ;  and  both  the  direct  and  reflected  waves 
contribute  to  the  effect  perceived.  The  two  waves  assist  each  other  so  much  the 
better,  as  the  angle  between  them  is  less,  and  this  angle  vanishes  in  a  direction  per- 
pendicular to  the  wind.  Hence,  in  the  latter  direction  the  sound  ought  to  be  pro- 
pagated a  little  better  than  even  in  the  direction  of  the  wind,  which  agrees  with  the 
experiments  of  M.  Delaroche.  Thus  the  effect  is  referred  to  two  known  causes,— 
the  increased  velocity  of  the  air  in  ascending,  and  the  diffraction  of  sound. 


Astronomy. 


On  the  Distribution  of  the  Orbits  of  the  Comets  in  Space. 
By  Cavaliere  O.  F.  Mosotti. 
The  author  not  being  present,  this  communication  was  read  and  explained  by 
Prof.  Bolzani.  The  author  commenced  by  explaining  that  the  simplest  and  most 
direct  method  of  analysing  the  distribution  of  the  comets  in  space  would  seem  to  be, 
to  divide  the  celestial  sphere  by  means  of  so  many  circles  parallel  to  the  ecliptic  into 
equal  zones  corresponding  to  an  aliquot  part  of  the  entire  superficies,  and  then  to 
ascertain  how  many  culminating  points  are  contained  in  each  of  these.  If  the  orbits 
were  uniformly  distributed  throughout  space,  each  of  them  should  contain  about  an 
equal  number  of  these  points ;  if  not,  the  greater  or  less  number  contained  in  each 
will  serve  to  show  the  tendency  the  orbits  have  to  approach  to  or  recede  from  that 
distribution.  The  author  applied  this  method  arithmetically  in  the  first  instance ; 
and  afterwards,  in  order  to  render  the  results  more  palpable,  reduced  them  to  a 
graphic  construction.  The  learned  Professor  then  exhibited  and  explained  to  the 
Section,  in  detail,  the  several  formulae  on  which  the  numerical  examination  of  the 
question  was  founded,  and  then  exhibited  and  explained  the  graphic  construction 
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reduced  to  a  planisphere.  The  same  planisphere,  when  properly  projected,  was 
made  to  serve  for  both  the  northern  and  southern  hemispheres,  by  colouring  the 
projecting  lines  which  marked  radially  on  the  outer  circle  the  longitudes  of  the  cul- 
minating points  and  of  the  perihelia  for  the  northern  hemisphere  bine,  and  for  the 
southern  black ;  and  on  each  of  these  radial  lines  was  marked  the  number  assigned 
to  the  comet  in  the  catalogue  of  the  263  discussed  by  the  author.  If,  then,  we  con- 
ceive these  two  lines  to  be  produced  to  the  centre,  and  caused  to  revolve  towards  the 
northern  hemisphere  if  marked  with  the  sign  plus,  to  the  southern  if  marked  minus, 
until  they  take  the  position  of  the  inclination  of  the  orbit  marked  as  belonging  to 
each,  the  position  of  the  two  lines  will  present  to  the  mind  a  picture  of  the  posinoa 
which  the  orbit  will  hold  as  well  in  space  as  in  its  own  plane.  At  the  end  of  each 
of  the  eight  tables,  corresponding  to  the  eight  zones,  were  specified  the  total  num- 
ber of  orbits  found  in  that  zone,  as  well  as  the  number  of  those  having  their  pen* 
helia  in  the  northern  or  southern  hemisphere,  and  their  motion  direct  or  retrograde; 
combining  the  data  thence  given,  the  author  drew  up  the  summary  of  the  whole. 
He  found  the  orbits  to  have  a  tendency  to  approach  in  prevailing  numbers  the  polar 
regions  of  the  ecliptic.  The  minimum  occurs  in  the  fifth  zone  of  each  hemisphere. 
Those  whose  perihelia  are  in  the  northern  hemisphere  exceed  those  whose  perihelia 
are  in  the  southern  in  the  proportion  of  3  to  2 ;  the  number  of  those  having  a 
direct  motion  to  those  retrograde  as  5  to  6,  or  nearly  equal.  The  author  calls  the 
Great  Circle,  which  passes  so  as  to  divide  the  Milky  Way  pretty  equally,  the  Galaxy 
Circle.  In  the  centre  of  this  the  sun  and  earth  may  be  considered  to  be  placed; 
it  cuts  the  ecliptic  towards  the  solstitial  points,  and  is  inclined  to  it  at  about  60*. 
He  then  finds  that  the  planes  of  the  orbits  of  the  comets  are,  for  the  most  part, 
little,  if  at  all,  inclined  to  the  plane  of  the  Galaxy  Circle,  and  that  they  go  on  de- 
creasing in  number  as  that  inclination  increases ;  and  therefore  he  concludes  that 
some  cosmical  cause  must  have  led  to  such  a  result.  Also,  the  perihelia  of  by  far 
the  greater  number  of  those  he  has  discussed  are  found  near  the  Galaxy  Circle, 
showing  that  when  they  are  passing  most  closely  under  the  influence  of  the  son 
they  are  both  near  the  Galaxy  Circle,  and  their  proper  motion  is  nearly  parallel  to 
its  plane.  Hence  the  greater  number  of  comets  come  to  us  from  the  region  of  the 
Galaxy  itself.  

On  a  Moveable  Horizontal  Sun-dial,  which  shows  correct  Solar  Time  wtthm 
a  Fraction  of  a  Minute.    By  M.  Donovan,  M.R.I.A. 

The  author  first  pointed  out  the  inaccuracies  incidental  to  or  inseparable  from  the 
ordinary  horizontal  sun-dial,  even  when  executed  with  the  greatest  care.  He  then 
adverted  to  the  peculiarities  of  his  own  dial,  showing  how  it  can  be  placed  with  the 
greatest  precision  in  the  meridian  of  the  place.  After  alluding  to  the  defects  of  the 
ordinary  style,  he  showed  the  advantages  of  substituting  a  human  hair,  which,  cast- 
ing a  shadow  as  slender  as  itself  for  several  inches  of  its  length,  affords  a  line  of 
direction  for  another  hair  springing  from  the  same  source,  which,  when  stretched 
through  the  centre  of  the  roost  slender  part  of  the  shadow,  marks  the  precise  time  to 
a  few  seconds  on  a  large  divided  circle.  One  of  the  peculiarities  of  this  dial  is,  that 
it  may  be  placed  in  any  spot  illuminated  by  the  sun;  an  advantage,  from  which  the 
common  horizontal  dial  is  precluded  by  its  being  a  fixture,  and  without  means  of 
exactly  placing  its  meridian  in  the  meridian  of  the  place. 

Tables  to  simplify  and  render  more  general  the  Method  of  finding  the  Time, 
by  observing  Circumpolar  Stars  in  the  same  Verticals  By  C.  Thomson. 
{Communicated by  Sir  W.  It.  Hamilton.) 

The  author  described  the  tables,  and  exhibited  to  the  Section  a  little  apparatus 
constructed  by  his  ingenious  assistant,  Mr.  Thomson,  which  illustrated  the  method 
of  observing  circumpolar  stars  for  this  purpose. 

On  Hie  Direction  of  Gravity  at  the  Earth* s  Surface, 

By  Professor  Hennessy,  MJLI.A. 

If  the  earth's  surface  be  considered  to  coincide  with  that  of  the  liquid  which 
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covers  three-fourths  of  the  entire  spheroid,  gravity  would  be  perpendicular  to  it  at 
every  point.  If,  however,  the  earth  were  stripped  of  ail  its  seas  and  oceans,  the 
surface:  would  present  considerable  inequalities.  Prom  what  is  now  known  regard- 
ing the  depth  of  the  ocean,  the  continents  would  appear  as  plateaus  elevated  above 
the  oceanic  depressions  to  an  amount  which,  although  small  compared  to  the  earth's 
radius,  would  be  considerable  when  compared  to  its  outswelliog  at  the  equator, 
and  its  flattening  towards  the  poles.  The  surface  thus  presented  would  be  the 
true  surface  of  the  earth,  and  would  not  be  perpendicular  to  gravity.  If  a  mean 
surface  be  conceived  intersecting  this,  so  as  to  leave  equal  volumes  above  of  eleva- 
tions, and  of  depressions  below  it,  it  is  not  allowable  to  assume  that  such  a  surface 
is  perpendicular  to  gravity.  The  mean  surface  of  the  solid  crust  of  the  earth  would 
not  be  perpendicular  to  gravity,  if,  after  the  process  of  solidification  had  commenced, 
any  extensive  changes  in  the  distribution  of  matter  in  the  earth's  interior  could  take 
place.  If  the  fluid  matter  in  solidifying  underwent  no  change  of  volume,  the  forms 
of  the  strata  of  equal  density  within  the  earth  would  be  the  same  as  those  of  the 
primitive  fluid  mass,  and  would  continue  to  be  the  same  at  every  stage  of  its  solidi- 
fication. But  if,  as  observation  indicates,  such  fused  matter,  on  passing  to  the  solid 
crystalline  state,  should  diminish  in  volume,  the  pressure  on  the  remaining  strata  of 
the  fluid  would  be  relieved,  and  they  would  tend  to  assume  a  greater  ellipticity  than 
they  had  when  existing  under  a  greater  pressure.  The  general  result  of  this  action 
would  manifestly  be  to  produce  a  change  in  the  direction  of  the  attractive  forces  at 
the  outer  surface  of  the  solid  crust.  The  direction  of  a  plumb-line  would  be  altered 
so  as  to  slightly  increase  the  apparent  latitudes  of  places  over  a  zone  intermediate 
between  the  equator  and  poles.        

On  the  Solidification  of  Fluids  by  Pressure. 
By  Professor  Hennessy,  M.RJ.A. 

The  views  put  forward  were  deduced  from  some  propositions  in  the  dynamical 
theory  of  heat  contained  in  the  writings  of  Prof.  W.  Thomson  and  Prof.  Clausius. 
The  general  result  arrived  at  regarding  the  influence  of  pressure  on  a  fluid  so  cir- 
cumstanced as  to  lose  no  part  of  the  heat  acquired  by  condensation,  would  be,  that 
so  long  as  the  matter  continued  in  a  fluid  condition,  the  resistance  to  compression 
from  this  cause  would  be  very  small.  If,  however,  the  fluid  were  on  the  point  of 
changing  its  state  to  that  of  solidity,  the  effect  of  the  latent  heat  of  fusion,  which  by 
hypothesis  could  not  be  emitted,  would  interpose  a  resistance  of  great  magnitude 
compared  to  that  resulting  from  simple  compression.  The  fused  matter  of  which 
the  interior  of  the  earth  most  probably  consists,  would  be  under  conditions  similar 
to  those  mentioned,  from  the  slow  conducting  power  of  the  materials  composing 
the  earth,  and  from  the  pressure  of  all  the  outermost  strata  of  equilibrium  of  the 
fluid  upon  those  near  the  centre ;  and  thus  the  influence  of  pressure  in  promoting 
solidification  would  be  less  than  at  its  surface. 


On  the  relative  Accuracy  of  the  different  Methods  of  determining 
Geographical  Longitude.    By  Professor  Loomis. 

The  author  first  gave  a  rapid  sketch  of  the  several  methods  of  determining  differ- 
ences of  longitude  adopted  by  astronomers  and  geographers,  and  pointed  out  the 
degree  of  accuracy  that  might  be  expected  from  each;  and  drew,  as  the  conclusion  of 
this  branch  of  his  subject,  the  importance  of  obtaining  a  method  far  more  accurate 
than  any  of  the  preceding,  and  in  which  the  personal  equations  of  the  observers 
would  either  be  eliminated  or  greatly  reduced;  and  such  a  desideratum  he  considered 
was  afforded  by  the  electric  telegraph.  He  then  explained  at  length  the  various 
methods  resorted  to  by  Dr.  Bache,  Prof.  Morse,  himself,  and  other  American  philo- 
sophers, the  chief  peculiarity  of  which  was  using  either  a  sidereal  and  mean-time 
clock  at  the  recording-station ;  the  beats  of  these,  coinciding  every  six  minutes,  gave 
well-marked  equidistant  points  of  time  to  which  to  refer  the  signals  received  every 
second  from  the  observing  end  or  station ;  or  by  using  a  sidereal  clock  and  chrono- 
meter, beating  twice  each  second,  intervals  of  three  minutes  became  similarly  marked 
out.    Then;  by  alternating  the  stations  at  which  the  observations  were  made  and 
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recorded  by  interchanging  the  observers  at  these  stations,  the  natraments  i 
unchanged,  and  by  various  mechanical  improvements  in  the  recording  apparatus  of 
the  telegraph,  chiefly  with  a  view  to  ensure  uniformity  of  motion  in  the  slips  on 
which  the  recording  dots  were  impressed,  he  showed  that  a  degree  of  accuracy 
hitherto  not  approached  by  any  other  method  had  been  obtained, — the  error  of  both 
clocks  disappearing  also  in  the  results,  if  only  their  rates  had  been  made  perfect 

On  a  Proposal  far  the  Establishment  of  a  Uniform  Reckoning  of  Tiste  in 
connexion  with  the  Telegraph.    By  J.  J.  Murphy. 

The  author  said,  that  as  in  Britain  the  establishment  of  the  telegraph  had  nude 
it  necessary  to  adopt  Greenwich  time  all  over  the  country,  where  the  difference  vu 
small  this  was  possible,  but  when  the  telegraph  extended  to  America,  or  greater 
distances,  it  would  cease  to  be  so.  He  proposed  that  all  clocks  should  be  furnished 
with  a  double  circle  of  figures  on  the  dial,  the  outer  circle  being  moveable  through 
any  required  number  of  degrees.  When  a  clock  is  set  up  at  any  place,  let  the  hands 
show  local  time  on  the  inner  circle;  and  let  the  outer  circle  be  so  set,  that  the  hour- 
hand  will  on  it  show  Greenwich  time. 


On  some  Phenomena  in  connexion  with  Molten  Substances. 
By  J.  Nasmyth,  F.R.A.S. 

The  author  stated,  on  introducing  the  above  subject  to  the  notice  of  the  Section, 
that  his  object  in  so  doing  was  to  direct  the  attention  of  scientific  men  to  a  claw  of 
phenomena,  which  although  in  their  main  features  they  might  be  familiar  to  practical 
men,  yet  appeared  to  have  escaped  the  attention  of  those  who  were  more  engaged 
in  scientific  research.  The  great  fact  which  he  desired  to  call  attention  to  is  com* 
prised  in  the  following  general  proposition,  namely,  that  all  substances  in  a  molten 
condition  are  specifically  heavier  than  the  same  substance  in  an  unmolteu  state. 
Hitherto  water  has  been  supposed  to  be  a  singular  and  special  exception  to  the  ordi- 
nary law,  namely,  that  as  substances  were  elevated  in  temperature  they  became 
specifically  lighter,  that  is  to  say,  water  at  temperature  32°  on  being  heated  does  on 
its  progress  towards  temperature  40°  become  more  dense  and  specifically  heavier 
until  it  reaches  40°,  after  which,  if  we  continue  to  elevate  the  temperature,  its  den- 
sity progressively  decreases.  From  the  facts  which  Mr.  Nasmyth  brought  forward, 
it  appears  that  water  is  not  a  special  and  singular  exception  in  this  respect,  but 
that,  on  the  contrary,  the  phenomenon  in  relation  to  change  of  density  (when  sear 
the  point  of  solidification)  is  shared  with  every  substance  with  which  we  are  at  all 
familiar  in  a  molten  state,  so  entirely  so,  that  Mr.  Nasmyth  felt  himself  warranted 
in  propounding,  as  a  general  law,  the  one  before  stated,  namely,  that  in  every  in- 
stance in  which  he  has  tested  its  existence,  he  finds  that  a  molten  substance  is  more 
dense,  or  specifically  heavier,  than  the  same  substance  in  its  unmolten  state.  It  is 
on  account  of  this,  that  if  we  throw  a  piece  of  solid  lead  into  a  pot  of  melted  lead, 
the  solid,  or  unmolten  metal,  will  float  in  the  fluid,  or  molten  metal.  Mr.  Nasmyth 
stated,  that  he  found  that  this  fact  of  the  floating  of  the  unmolten  substance  in  the 
molten,  holds  true  with  every  substance  on  which  he  has  tested  the  existence  of  the 
phenomenon  in  question ;  as,  for  instance,  in  the  case  of  lead,  silver,  copper,  iron, 
zinc,  tin,  antimony,  bismuth,  glass,  pitch,  rosin,  wax,  tallow,  &c. ;  and  that  the 
same  is  the  case  with  respect  to  alloys  of  metals  and  mixtures  of  any  of  the  above- 
named  substances :  also,  that  the  normal  condition  as  to  density  is  resumed  in 
most  substances  a  little  on  the  molten  side  of  solidification,  and  in  a  few  cases  the 
resumption  of  the  normal  condition  occurs  during  the  act  of  solidification.  He  also 
stated,  that,  from  experiments  which  he  bad  made,  he  had  reason  to  believe  that  by 
heating  molten  metals  up  to  a  temperature  far  beyond  their  melting-point,  the  point 
of  maximum  density  was,  as  in  the  case  of  water,  at  40°  about  to  be  passed ;  and 
that  at  such  very  elevated  temperatures,  the  normal  state,  as  regards  reduction  of 
density  by  increase  of  temperature,  was  also  resumed,  but  that  as  yet  he  has  not 
been  able  to  test  this  point  with  such  certainty  as  to  warrant  him  to  allude  further 
to  its  existence. 

Mr.  Nasmyth  concluded  his  observations  by  stating,  that  he  considered  this  to  be 
a  subject  well-worthy  of  the  attention  of  geologists,  who  might  find  in  it  aJkey  to 
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the  explanation  of  many  eruptive  or  upheaving  phenomena,  which  the  earth's  cruet, 
and  especially  that  of  the  moon,  present,  namely,  that  on  the  approach  to  the 
point  of  solidification  molten  mineral  substances  then  beneath  the  solid  crust  of  the 
earth  must,  in  accordance  with  the  above-stated  law,  expand,  and  tend  to  elevate  or 
burst  op  the  solid  crust, — and  also  express  upwards,  through  the  so  cracked  surface, 
streams  more  or  less  fluid  of  those  mineral  substances  which  we  know  must  have 
been  originally  in  a  molten  condition.  Mr.  Nasmyth  stated,  that  the  aspect  of  the 
lunar  surface,  as  revealed  to  us  by  powerful  telescopes,  appeared  to  him  to  yield 
most  striking  confirmation  of  the  above  remark.  He  concluded  by  expressing  a  hope, 
that  the  facts  which  he  had  brought  forward  might  receive  the  careful  attention  of 
scientific  men,  which  their  important  bearing  on  the  phenomena  in  question 
appeared  to  him  to  entitle  them  to. 


On  certain  Planetary  Perturbations.  By  the  Rev,  W.  G.  Penny. 
It  appears  that  there  are  in  the  motions  of  several  of  the  planets  inequalities 
arising  from  the  product  of  the  disturbing  forces  of  two  planets,  which  inequalities 
appear  to  have  been  but  little  noticed  hitherto,  but  which  seem  to  be  much  larger 
than  might  have  been  expected,  owing  to  the  length  of  time  during  which  they 
are  accumulating.  The  most  remarkable  is  one  which  exists  in  the  motions  of 
Mars  and  the  earth.  Its  period  is  about  1800  years,  or  about  twice  that  of  the 
long  inequality  of  Jupiter  and  Saturn.  In  the  case  of  the  earth  it  appears  to  amount 
to  about  7\",  and  is  owing  to  the  product  of  the  disturbing  forces  of  Jupiter  and 
Mars ;  and  in  the  case  of  Mars  it  seems  to  amount  to  about  45£",  and  is  owing  to 
the  product  of  the  disturbing  forces  of  Jupiter  and  the  Earth.  It  arises  from  the 
fact,  that  four  times  the  mean  motion  of  the  earth  is  very  nearly  equal  to  eight  times 
that  of  Mars  minus  three  times  that  of  Jupiter.  Its  value  for  the  earth  is  repre- 
sented by  the  following  equation : — 

*0a=7"-293  sin(8n1r-4iM-3a4f+8^-4f2-3e4+750  14'); 
and  for  Mars  by  the  equation 

$03-  -.45"-684  sin  (8M- 4*3*- 3*4* +8e3- 46t-3f4+73°  34'); 
where  «*,  14,  ««  are  the  mean  motions  of  the  earth.  Mars,  and  Jupiter.  This 
inequality  is  remarkable  as  being,  if  the  work  is  correct,  larger,  and  in  the  case  of 
Mars  very  considerably  so,  than  any  which  arise  from  the  simple  perturbation  of  a 
single  planet, — the  largest  hitherto  known  in  the  case  of  the  earth  amounting  to  only 
7"*  15,  and  in  the  case  of  Mars  to  25"'5.  Also,  there  will  be  a  corresponding  inequality 
in  the  motion  of  the  moon,  which  I  have  not  yet  examined,  but  which  may,  perhaps, 
be  sensible  ;  for,  according  to  the  investigations  of  M.  Hansen,  the  inequality  in  the 
motion  of  the  earth  discovered  by  Prof.  Airy,  amounting  to  2"'04,  with  a  period  of  240 
years,  produces  one  of  not  less  than  23"  in  the  motion  of  the  moon,  so  that,  judging 
by  analogy,  there  ought  to  be  a  sensible  inequality  in  the  present  case  also.  Again, 
there  seems  to  be  an  inequality  in  the  motions  of  Jupiter,  Saturn,  and  Uranus,  with  a 
period  of  somewhat  more  than  1 700  years,  and  amounting  in  the  case  of  Jupiter  to  about 
10" ;  and  in  the  case  of  Saturn  to  about  40";  and  in  that  of  Uranus  to  43".  It  arises 
from  the  fact,  that  six  tiroes  the  mean  motion  of  Saturn  is  nearly  equal  to  twice  that 
of  Jupiter  plus  three  times  that  of  Uranus.  There  are  several  others  besides  these  of 
less  importance,  arising  from  the  product  of  two  disturbing  forces;  and  there  is  even  one 
which  results  from  the  product  of  three  forces,  and  appears  to  amount  to  nearly  7". 
There  are  also  several  inequalities  of  the  same  kind  in  some  of  the  asteroids,  which  are 
very  much  larger  than  any  in  the  motions  of  the  principal  planets ;  but  as  the  theory 
of  the  asteroids  is  considered  to  be  of  comparatively  little  interest,  I  have  not  sent 

them.  

On  Transit  Observations  of  the  Moon,  By  the  Kev.  T.  It.  Robinson,  DJ>. 
Dr.  Loorais's  remarks  on  longitudes,  deduced  from  the  method  of  moon  culmi- 
nating stars,  reminded  him  of  the  results  which  he  had  formerly  obtained  by  it. 
The  high  praise  given  to  it  by  the  German  astronomers,  and  his  valued  friend  the 
late  Mr.  Baily,  had  induced  him  to  attend  to  it  particularly  when  determining  the 
longitude  of  the  Armagh  Observatory.  He  found  it  very  unsatisfactory.  The  longi- 
tudes, deduced  by  comparison  on  tlie  same  mgkt  with  Dublin,  Greenwich,  Paris,  and 
K6nigsberg,  all  first-rate  Observatories,  were  very  discordant  j  and  those  deduced 
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from  the  first  limb  by  himself,  and  the  second  by  his  assistant,  once  differed  50". 
He  found  the  cause  of  this  to  be,  that  the  personal  equation  of  the  observers  differs, 
and  unequally,  for  the  two  limbs,  and  both  are  greater  than  for  stars.  The  reason 
of  this  is  obvious,  for  the  field  round  the  moon  is  very  dark  by  contrast,  and  it  is 
not  easy  to  compare  a  luminous  space  with  a  dark  one.  He  found  that  in  fog, 
when  the  field  is  nearly  as  bright  as  the  lunar  disc,  the  longitudes  were  the  moat 
consistent,  and  this  led  to  a  mode  of  illumination  which  proved  effective,  and  which  be 
now  mentioned  in  hope  that  it  might  be  useful  to  travellers,  as  a  most  effective  means 
of  getting  longitude,  if  provided  with  a  transit,  especially  one  similar  to  the"  Broken 
telescope"  of  Reichenbach's  universal  instrument.  He  placed  in  front  of  the  object- 
glass  a  disk  of  emerald  glass,  from  the  centre  of  which  a  circle  is  cut,  four-tenths 
of  the  diameter  of  the  object-glass.  This  portion  forms  the  image,  but  the  remaining 
portion  fills  the  field  with  scattered  light  from  the  moon,  while  it  contributes  none 
to  the  image.  The  effect  is  similar  to  that  of  the  fog,  and  it  nearly  reduces  the  per- 
sonal error  to  that  of  stars.  The  small  aperture,  however,  gives  a  larger  diameter 
of  the  moon,  and  therefore  both  limbs  should  be  used  in  nearly  equal  proportion. 
With  these  precautions  he  thought  the  longitude  could  be  obtained  more  certainly 
than  by  any  other  means  within  the  reach  of  a  traveller,  certainly  far  surpassing  the 
ordinary  one  of  lunar  distances.        

On  Lunar  Physics, 
In  a  Letter  from  Professor  P.  Smyth  to  tlie  Assistant  General  Secretary. 

Royal  Observatory,  Edinburgh, 
27th  August,  1857. 
Dear  Sir, — I  have  to  report  one  more  step  in  the  delineation  of  the  moon, 
according  to  the  plan  recommended  by  the  British  Association,  viz.  the  engraving 
of  three  views  of  the  Mare  Crisium ;  and  I  have  sent  to  you,  per  railway,  a  parcel 
containing  several  copies,  of  which  I  will  request  you  to  lay  one  before  the  British 
Association,  and  to  present  the  others  to  the  officers,  as  thus :  —Rev.  Dr.  Lloyd, 
President ;  Sir  W.  R.  Hamilton,  late  President ;  Rev.  Dr.  Robinson,  late  Prettiest; 
General  Sabine,  Secretary ;  Prof.  Phillips,  Assistant  Secretary.  You  will  find  by 
what  I  have  said  on  page  vi  of  the  pamphlet,  that  I  only  look  on  the  present  en- 
gravings as  a  first  instalment  towards  putting  our  knowledge  of  this  part  of  the 
moon  on  a  satisfactory  footing.  Yours  very  truly, 

C.  Piazzi  Surra. 


Meteorology. 


Notice  of  Meteorological  Observations  made  at  Sea. 

Communicated  by  Rear- Admiral  FitzRoy,  F.R.S. 
Admiral  FitzRoy  drew  the  attention  of  the  Section  to  the  meteorological  papers 
lying  on  the  table,  which  had  been  recently  published  by  the  Board  of  Trade.  The 
Report  to  which  he  referred  would  show  what  progress  had  been  made,  and  therefore 
he  would  not  occupy  valuable  time  by  entering  into  verbal  details.  He  would  only 
observe  generally,  that  a  great  number  of  valuable  observations  had  already  been  made 
on  board  some  hundred  ships,  with  excellent  instruments  approved  by  the  Kew  Com- 
mittee of  the  British  Association,  and  that  those  observations  were  regularly  tabu- 
lated in  such  a  manner  as  to  admit  of  their  being  combined  in  groups  or  used  indi- 
vidually. The  willing  cooperation  of  officers  at  sea  had  already  accumulated  more 
observations  than  can  be  reduced  and  tabulated  with  corresponding  quickness ;  there- 
fore more  reduction  of  observations,  rather  than  more  observers  with  a  larger  number 
of  instruments,  seems  necessary;  and  this  can  only  be  accomplished  by  employing 
a  larger  staff.  The  Government  had  shown  the  utmost  willingness  to  attend  to  the 
recommendations  of  competent  authorities  with  respect  to  the  establishment  and 
support  of  the  Meteorological  Office  at  the  Board  of  Trade ;  and  only  desired  to 
apply  the  vote  sanctioned  by  Parliament  for  meteorological  observations  at  sea  to  the 
best  possible  advantage.  The  United  States,  Great  Britain,  and  Holland,  had  already 
cooperated  largely  in  this  work;  and  France  had  lately  established  a  similar  depart- 
ment for  collecting  and  discussing  such  observations. 
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On  the  Variation  in  the  Quantity  of  Rain  due  to  the  Moons  Position  in 
reference  to  the  Plane  of  the  Earth's  Orbit    By  C.  Fulbrook. 

The  author  called  attention  to  an  important  difference  in  the  amount  of  rain  which 
fells  in  these  latitudes  at  opposite  parts  of  the  moon's  course  with  reference  to  the 
plane  of  the  earth's  orbit :— a  result  obtained  by  placing  horizontally  (from  the  daily 
register  of  Howard,  in  the  vicinity  of  London)  the  amount  of  rain  (when  any)  due 
to  each  day  throughout  a  lunar  course,  and  so  on  for  100  courses  in  due  order. 
The  following  Table  exhibits  the  result: — 
Position  of  the  Moon  with  reference  to  the  Plane  of  the  Earth's  Orbit  in  its  connexion 

with  the  Rain-fall  of  London  and  its  vicinity,  as  deduced  from  a  Register  of  the 

Weather  during  100  courses  of  that  Luminary. 


Position  of  the  Moon. 

Days. 

Amount  of  Rain. 

In  greatest  South  Latitude. 

1 
2 
3 

1 

4 
5 

>47'60  inches  in  500  days. 

Ascending  through  the  plane  of  earth's  "1 
orbit.                                                 J 

6 

7 
8 

j     • 

9 

10 

11 

12 

13 

14 

15 

16 

«\ 

In  North  Latitude. 

17 
18 

1 

Descending    through    the    plane 

*} 

19 

<  26*42  inches  in  500  days. 

earth's  orbit. 

20 

21 

J 

. 

22 

23 

24 

In  South  Latitude. 

25 
26 
27 

This  effect  the  author  supposes  to  be  due  to  alternate  southerly  and  northerly  cur- 
rents depending  on  the  ascent  and  descent  of  the  moon  through  the  plane  of  the 
earth's  orbit.  Be  this  as  it  may,  it  is  reasonable  to  infer,  that  when  she  is  thus  in 
some  way  producing  an  excess  of  rain  in  these  latitudes,  comparatively  dry  weather 
obtains  in  corresponding  southern  latitudes,  and  vice  versd;  and  that  intermediate 
latitudes  experience  an  intermediate  degree  of  the  effect.  Meteorologists  of  other 
latitudes  and  distant  countries,  who  may  possess  a  register  of  the  weather  extending 
over  one  hundred  courses,  or  about  seven  years  and  a  half,  should  try  the  result  for 
their  respective  latitudes,  and  transmit  their  conclusions  to  the  author. 

On  Simultaneous  Isotiiermal  Lines.    By  Professor  Hennessy,  M.R.I.A. 

Having  briefly  referred  to  the  interest  shown  by  the  Association  in  the  question 
of  distribution  of  temperature  over  the  surface  of  the  earth  by  the  publication  of 
the  maps  of  Prof.  Dove,  and  acknowledged  the  importance  of  the  results  furnished 
by  a  comparison  of  mean  temperatures  in  connexion  with  the  climatology  of  the  globe, 
Mr.  Hennessy  proceeded  to  describe  the  new  species  of  isothermals  now  proposed. 
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If  temperature  were  recorded  at  every  station  on  the  surface  of  the  earth  at  the 
mean  time  corresponding  to  any  given  meridian,  then  a  line  traversing  the  places 
where  such  temperatures  were  found  to  be  equal  would  be  a  simultaneous  isothermal 
line.  The  forms  of  such  lines  would  manifestly  depend  on  the  diurnal  range  of  tem- 
perature at  the  several  stations,  as  well  as  the  several  physical  conditions  influencing 
mean  temperature.  If  the  earth  were  absolutely  at  rest,  and  stripped  of  its  fluid 
coverings,  these  lines  would  be  circles,  having  their  planes  perpendicular  to  a  Hoc 
joining  the  centres  of  the  earth  and  sun.  This  would  be  nearly  the  case  in  a  body 
turning  very  slowly  on  its  axis,  like  our  satellite,  in  which  Prof.  Hennessy  anticipated 
that  observations  would  ultimately  show  a  great  diminution  of  heat  radiated  from 
the  edges  compared  to  the  centre  of  the  illuminated  disk.  With  a  more  rapid  motion 
of  rotation,  as  in  the  case  of  the  earth,  the  isothermals  would  be  elongated  in  a  direction 
parallel  to  that  of  the  rotation.  On  introducing  the  influence  of  all  the  actual  motions 
of  the  earth,  and  of  the  emissive  and  absorbing  powers  of  the  atmosphere,  the  ground, 
and  the  sea,  the  forms  of  these  lines  would  be  considerably  modified.  The  forms  of  the 
isothermals  on  the  land  and  sea  would  necessarily  differ,  and  might  be  expected  to 
present  some  important  relations  to  the  directions  of  land  and  sea  breezes.  It 
appears,  in  general,  far  more  probable  that  a  knowledge  of  the  contemporaneous 
conditions  of  temperature  at  different  places  would  assist  in  pointing  to  a  connexion 
between  these  phenomena  and  atmospheric  perturbations  rather  than  a  knowledge 
of  mean  temperature.  Atmospheric  currents,  whether  vertical  or  parallel  to  the 
earth's  surface,  depend  upon  contemporaneous  differences  of  temperature.  A  similar 
remark  might  be  applied  to  many  other  important  atmospheric  phenomena,  and  these 
lines  would  also  serve  to  indicate  more  clearly,  or  to  lessen  the  possibility  of  the 
supposed  connexion  between  terrestrial  magnetism  and  terrestrial  temperature. 


On  the  Distribution  of  Heat  over  the  Surface  of  the  British  Isles. 
By  Professor  Hennessy,  M.R.1*A.. 
Since  the  author  had  communicated  to  the  Section  at  the  Cheltenham  Meeting  of 
the  Association  an  account  of  his  general  views  as  to  the  laws  of  distribution  of 
isothermal  lines,  further  confirmation  of  these  views  had  arisen.  It  had  been  already 
shown  that  the  isothermals  in  Ireland  are  partly  closed  curves  surrounding  a  space 
of  minimum  temperature,  having  its  centre  a  little  to  the  north-east  of  the  centre  of 
the  island.  With  the  aid  of  the  observations  collected  and  published  by  Mr.  Glatsher, 
those  contained  in  Prof.  Dove's  Reports,  and  a  few  additional  isolated  results,  die 
isothermals  for  Great  Britain  have  been  laid  down  on  the  map  exhibited  to  the 
Section.  No  correction  has  been  made  for  elevation  above  the  sea-level,  as  atmo- 
spherical phenomena  do  not  depend  upon  the  fictitious  temperatures  so  deduced,  but 
upon  their  actual  amounts.  This  non-reduction  would  partly  account  for  the  remark- 
able decrease  in  temperature  in  going  from  the  coast  towards  the  interior  of  the 
island,  and  by  which  the  space  of  minimum  temperature  in  Great  Britain  appears  to 
occupy  a  position  between  the  midland  counties  of  England  and  the  north  of  Scot- 
land, where  it  expands  to  its  greatest  breadth.  The  influence  of  distance  from  the 
sea  and  of  height  above  it  are,  doubtless,  bothrcombined  in  producing  the  remarkable 
forms  of  the  isothermals  of  the  British  Isles,  and  it  would  therefore  be  desirable  in 
future  tables  of  the  distribution  of  temperature  to  have  the  former  element  noted  in 
connexion  with  each  station  as  well  as  the  latter. 


On  the  Vertical  Currents  of  the  Atmosphere. 
By  Professor  Hennessy,  M.RJ.A. 

The  anemoscope  described  by  the  author  at  the  Cheltenham  Meeting  of  the  Asso- 
ciation having  been  since  modified,  has  enabled  him  not  only  to  observe  the  vertical 
direction  of  atmospheric  currents,  but  also  to  compare  the  intensity  of  the  verticil 
with  the  horizontal  force  of  such  currents.  This  is  done  by  observing  the  angle  of 
inclination  of  a  moveable  flange,  which  is  turned  by  the  vertical  and  horizontal  com- 
ponents of  the  current  until  it  is  in  equilibrium.  By  integrating  the  elements 
these  components  at  each  side  of  the  flange,  it  was  easily  shown  that  the  horizontal 
force,  multiplied  by  the  tangent  of  the  angle  of  inclination,  would  give  the  vertical 


TRANSACTIONS  OF  THB  SECTIONS.  $1 

force  of  the  wind,  and  that  the  absolute  force  would  be  found  by  multiplying  the 
horizontal  force  by  the  secant  of  the  inclination.  The  vertical  anemoscope  might 
thus  be  usefully  combined  with  one  of  the  horizontal  anemometers  now  in  use  in 
meteorological  observatories.  Among  the  general  results  of  Prof.  Hennessy's  obser- 
vations, it  appears  that  the  wind  rarely  blows  in  a  perfectly  horizontal  direction. 
The  deviations  from  that  direction,  although  usually  very  small,  are  sometimes  very 
remarkable,  and  follow  each  other  in  such  a  way,  especially  during  strong  breezes, 
as  to  indicate  a  species  of  undulatory  motion  in  the  wind.  The  force  of  the  wind 
given  by  horizontal  anemometers  is  thus  almost  always  a  little  inferior  to  its  actual 
mechanical  energy.  True  vertical  currents  are  sometimes  indicated  by  the  anemo- 
scope when  the  flange  points  continuously  and  steadily  in  an  upward  or  downward 
direction.  This  is  usually  observed  when  the  air  is  otherwise  in  a  comparatively 
calm  state.  The  vertical  ascending  currents,  which  have  been  long  supposed  to  take 
place  over  the  land  during  fine  weather,  in  connexion  with  the  phenomena  of  sea 
and  land  breezes,  were  often  very  distinctly  observed.  The  obvious  connexion  of 
vertical  currents  with  changes  of  temperature  and  other  atmospheric  disturbances, 
points  to  the  importance  of  observing  them,  as  well  as  the  horizontal  movements  of 
the  air.  , 

On  the  Discovery  of  the  Asteroid,  No.  46,  on  the  \7th  of  August,  1857,  by 
Mr.  Pogson,  at  Oxford.    By  Dr.  Lee,  F.R.S. 

Dr.  Lee  said,  on  the  morning  of  the  17th  of  August,  being  in  Oxford,  I  received 
from  Mr.  Pogson  the  following  statement : — "  I  have  the  pleasure  of  sending  you 
the  reduced  observations  of  a  new  planet,  either  Daphne,  or  the  forty-sixth  Asteroid, 
most  probably  the  latter,  which  I  found  last  night  with  your  beautiful  Smythian 
telescope.  Mr.  Frodsham's  chronometer  and  Mr.  Dollond's  ring-micrometer  have 
done  me  good  and  unexpected  service,  and  we  are  now  tried  trusty  friends.  The 
following  were  my  observations,  which  have  taken  nearly  all  night  to  reduce  :— 

Oxford  Mean  Time.  Apparent  R.  A.                     South  Declin. 

hms  hms                              o      a      „ 

August  16,     9  49  10  20  20  27*16  16    20    53*7 

„    10  47  24  20  20  25-61  16     21      2*0 

„    12  29  51  20  20  22*69  16    21     18*4 

Daily  motion  39"  retrograde,  3'  34"  south,  magnitude  1 1  J,  observations  duly  cor* 
rected."  This  discovery  was  made  under  considerable  difficulties  and  discomforts  > 
but  the  zeal  and  intelligence  and  the  practised  eye  of  the  observer  were  able  to  over- 
come them.  Mr.  Pogson  has  been  for  some  time  engaged  at  his  leisure  hours,  and 
after  his  public  duties  at  the  noble  Radcliffe  Observatory  were  terminated,  in  making 
maps  of  stars  in  the  region  near  the  ecliptic,  and  by  a  course  of  systematic  investiga- 
tion he  discovered,  in  1856,  the  planet  I  sis  (No.  42)  by  these  means,  with  the  equato* 
real  in  the  Radcliffe  Observatory,  which  fact  is  mentioned  in  the  Report  of  the  Council 
of  the  Royal  Astronomical  Society  for  the  year  1856,  during  the  presidency  of  the 
distinguished  astronomer,  Mr.  M.  Johnson,  F.R.S.,  the  director  of  that  observatory. 
This  present  planet,  No.  46,  was  discovered  by  him  with  the  aid  of  a  similar  star* 
map,  but  not  in  the  Radcliffe  Observatory,  with  all  the  conveniences  and  appliances 
which  are  to  be  found  in  such  an  establishment, — but  at  his  private  residence,  and 
in  a  small  garden,  not  larger  than  this  room,  and  in  the  open  air,  and  with  the  aid 
of  a  common  lamp, — but  with  the  assistance  of  Mrs.  Pogson,  who  wrote  down  the 
chronometer  times  as  he  called  them  out,  in  order  that  his  eye  might  not  be  troubled 
with  turning  from  the  eye-piece  of  his  telescope  to  a  paper.  On  the  evening  of  the 
16th  of  August,  whilst  sweeping  for  variable  stars,  a  stranger  appeared  ip  the  tele* 
scope  which  was  not  in  Mr.  Pogsoo's  map  of  stars,  and  it  was  therefore  strictly 
examined,  and  this  led  to  its  detection ;  and  the  evening  being  most  favourable  for 
observation,  after  a  series  of  three  courses  of  observations,  it  was  found  to  be  a  planet. 
It  was  situated  between  fi  and  n  Capricorni,  in  hour  20.  Mr.  Pogson  describes  the 
object-glass  of  bis  telescope  with  great  admiration ;  and  the  ring-micrometer,  which 
was  made  expressly  for  it  by  Mr.  Dollond,  and  the  chronometer,  which  has  been 
lent  to  him  by  the  liberality  of  Mr.  Frodsham,  as  being  excellent  j  and  it  is  worthy 
of  remark,  that  the  object-glass  of  the  Smythian  refractor,  which  waa  made  for 
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Admiral  Smyth  by  Tulley,  is  only  3}  inches,  and  the  object-glass  of  the  Raddife 
equatoreal  is  7}  inches.  "  The  planet  was  seen  again  in  the  evening  of  the  22nd  of 
August  with  the  Radcliffe  equatoreal,  but  exceedingly  faint ;  and  on  the  eveaing  of 
the  23rd,  it  was  again  seen  with  the  Sraythian  refractor,  and  it  appeared  but  a  very 
little  fainter  with  the  latter  than  with  the  former ;  which  fact  may  serve  to  pot 
amateur  astronomers  on  their  guard  in  the  purchase  of  object-glasses,  and  as  evidence 
that  the  largest  object-glasses  are  not  necessarily  the  best. 


On  the  Results  of  Measurements  of  y  Virginisfor  the  Epoch  1857.  By  Rear- 
Admiral  Smyth,  D.C.L.,  F.R.S.     (Communicated  by  Dr.  Lee,  F.R.S.) 

The  fine  double  star  y  Virginia,  to  which  Admiral  Smyth  has  for  some  yean 
devoted  much  attention,  is  one  of  the  most  remarkable  specimens  of  a  binary  system 
in  the  sidereal  regions,  the  history  of  which  is  fully  related  both  in  his  work 'The 
Celestial  Cycle/  and  the  '  iEdes  Hartwellianse.'  It  has  been  very  assiduously 
watched  by  the  best  astronomers  of  the  age,  and  its  motions  so  clearly  ascertained, 
as  to  offer  sufficient  phenomena  to  induce  a  conviction  that  the  Newtonian  law  of 
gravitation  obtains  in  the  remote  stellar  regions.  Besides  the  Hartwell  observations, 
the  latest  series  of  which  are  here  presented,  this  epoch  1857  has  been  also  watched 
by  the  Astronomer  Royal,  Mr.  Airy ;  and  by  the  Rev.  W.  R.  Dawes,  of  Haddenham; 
and  by  Lord  Wrottesley,  at  his  well-conducted  observatory,  near  Wolverhampton ; 
and  by  Mr.  Isaac  Fletcher,  of  Tarn  Bank,  Workington.  For  a  confirmation  of  the 
merits  of  Admiral  Smyth,  I  might  refer  to  Lord  Wrottesley,  to  whom  the  public  are 
indebted,  not  only  for  his  attentions  to  the  orbit  of  this  star,  but  also  for  his  import- 
ant Catalogue  of  Stars,  as  well  as  for  the  services  which  he  has  rendered  to  this 
Association  as  President  of  the  Royal  Society. 

On  certain  Electrical  Phenomena  in  the  United  States.  By  Professor  Looms. 

Atmospheric  electricity  is  very  abundant  in  the  United  States,  and  often  exhibits 
phenomena  more  remarkable  than  are  witnessed  in  most  of  the  countries  of  Europe, 
especially  in  England  and  Germany.  These  phenomena  are  not  confined  to  any 
particular  season  of  the  year ;  but  the  exhibitions  in  summer  appear  under  a  dif- 
ferent form  from  those  of  winter.  In  summer,  free  electricity  exhibits  itself  chiefly 
in  the  form  of  lightning  during  thunder-storms ;  and  these  exhibitions  are  often  among 
the  most  sublime  and  impressive  phenomena  witnessed  in  any  part  of  the  globe.  The 
telegraph  wires  are  exceedingly  sensitive  to  the  approach  of  a  thunder-storm.  The 
wires  are  often  charged  with  electricity,  from  the  effects  of  a  storm  so  distant  that 
no  thunder  is  heard  or  lightning  seen.  I  have  often  stood  at  such  times  in  a  tele- 
graph office,  and  introduced  my  own  body  into  the  electric  circuit,  by  taking  hold  of 
a  telegraph  wire  with  one  hand,  and  with  the  other  hand  grasping  a  wire  which 
communicated  with  the  earth.  A  frequent  twinge  is  felt  in  the  arms  and  sometimes 
through  the  breast.  The  shock  is  pungent  and  painful,  even  when  scarcely  the 
slightest  spark  can  be  obtained  by  bringing  the  two  wires  nearly  in  contact.  Such 
experiments  are  unsafe  when  the  electric  cloud  is  near.  If,  during  the  passage  of  a 
thunder-shower,  the  telegraph  apparatus  is  left  in  communication  with  the  long  tele- 
graph wires,  the  fine  wires  of  the  electro-magnets  are  almost  sure  to  be  melted,  and 
the  magnets  thereby  rendered  useless.  Sometimes,  in  telegraphic  offices,  there  occurs 
an  explosion,  which  melts  large  wires  and  is  dangerous  to  human  life.  The  effect 
of  a  feeble  current  of  atmospheric  electricity  on  the  telegraph  wires  is  the  same  at 
of  a  current  from  a  galvanic  battery.  It  makes  a  dot  on  the  telegraph  register ;  and 
when  a  thunder-storm  passes  in  the  neighbourhood  of  a  telegraph  line,  those  dots  are 
of  constant  occurrence;  and  being  interposed  between  the  dots  of  the  telegraph 
operators,  they  render  the  writing  confused  and  often  illegible.  The  operators  are 
therefore  commonly  compelled  to  abandon  their  work  when  a  thunder-shower  pre* 
vails  in  the  vicinity  of  any  part  of  the  line. 

The  aurora  borealis  is  very  common  in  the  United  States,  even  in  summer;  but, 
on  account  of  the  long- continued  twilight,  it  is  seldom  witnessed  with  such  brilliancy 
in  summer  as  in  winter.  During  winter,  thunder-storms  in  the  United  States  are  of 
very  rare  occurrence ;  but  even  at  this  season  they  are  not  entirely  unknown.  Some- 
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through  the  breast.  The  shock  is  pungent  and  painful,  even  when  scarcely  the 
slightest  spark  can  be  obtained  by  bringing  the  two  wires  nearly  in  contact.  Such 
experiments  are  unsafe  when  the  electric  cloud  is  near.  If,  during  the  passage  of  a 
thunder-shower,  the  telegraph  apparatus  is  left  in  communication  with  the  long  tele- 
graph wires,  the  fine  wires  of  the  electro-magnets  are  almost  sure  to  be  melted,  and 
the  magnets  thereby  rendered  useless.  Sometimes,  in  telegraphic  offices,  there  occurs 
an  explosion,  which  melts  large  wires  and  is  dangerous  to  human  life.  The  effect 
of  a  feeble  current  of  atmospheric  electricity  on  the  telegraph  wires  is  the  same  as 
of  a  current  from  a  galvanic  battery.  It  makes  a  dot  on  the  telegraph  register;  and 
when  a  thunder-storm  passes  in  the  neighbourhood  of  a  telegraph  line,  those  dots  are 
of  constant  occurrence;  and  being  interposed  between  the  clots  of  the  telegraph 
operators,  they  render  the  writing  confused  and  often  illegible.  The  operators  are 
therefore  commonly  compelled  to  abandon  their  work  when  a  thunder-shower  pre- 
vails in  the  vicinity  of  any  part  of  the  line. 

The  aurora  borealis  is  very  common  in  the  United  States,  even  in  summer  /  but, 
on  account  of  the  long-continued  twilight,  it  is  seldom  witnessed  with  such  brilliancy 
in  summer  as  in  winter.  During  winter,  thunder-storms  in  the  United  States  are  of 
very  rare  occurrence;  but  even  at  this  season  they  are  not  entirely  unknown.  Some- 
times in  mid-winter,  after  a  series  of  unusually  warm  days,  a  strong  wind  suddenly 
springs  up  from  the  west,  attended  by  a  shower,  during  which  several  flashes  of 
lightning,  accompanied  by  thunder,  are  noticed.  Such  a  shower  is  invariably 
followed  by  a  great  and  sudden  fall  of  the  thermometer.  But  while  electrical  dis- 
charges in  the  form  of  lightning  are  rarely  witnessed  in  winter,  other  electrical  phe- 
nomena of  great  interest  are  of  almost  daily  occurrence.  Those  phenomena  consist 
of  free  electricity  residing  upon  almost  all  bodies  resting  on  the  earth,  but  sufficiently 
insulated.  This  free  electricity  is  particularly  noticeable  on  the  clothes  and  hair  of 
the  human  body.  During  the  cold  months  of  winter,  the  human  hair  is  commonly 
electrical,  and  especially  wben  it  is  brushed  with  a  fine  comb.  Often  at  such  times 
the  fine  hairs  are  seen  to  stand  erect ;  and  the  more  you  comb  to  make  them  smooth, 
the  more  obstinately  they  refuse  to  keep  their  proper  place.  If  you  present  your 
fingers  to  those  electrified  hairs,  they  fly  to  meet  you,  like  a  lock  of  dry  hair  attached 
to  the  prime  conductor  of  an  electric  machine.  In  such  cases  there  is  but  one 
remedy ;  the  hair  must  be  thoroughly  moistened,  after  which  it  lies  quietly  in  its 
place.  During  the  same  season  of  the  year,  all  woollen  articles  of  clothing  become 
highly  charged  with  free  electricity.  The  pantaloons  in  particular  are  found  to 
attract  light  floating  particles  of  dust,  down,  &c,  especially  near  the  feet ;  and  it  is 
impossible  to  cleanse  them  by  brushing.  The  longer  you  brush,  the  more  your 
clothes  are  covered  with  dust  and  lint.  Nothing  less  than  a  wet  sponge  is  efficient 
to  cleanse  them.  At  night,  when  you  take  off  your  pantaloons,  you  hear  a  distinct 
crackling  noise,  and  in  a  dark  room  perceive  a  succession  of  flashes.  You  draw 
your  fingers  down  over  them,  especially  near  the  lower  extremities,  and  you  perceive 
a  repetition  of  the  crackling  noise,  accompanied  by  distinct  flashes  of  light.  As  you 
take  off  your  flannel  drawers,  the  crackling  is  again  heard,  louder  than  before,  and 
the  flashes  of  light  are  more  vivid.  If  you  take  a  woollen  blanket  from  your  bed, 
hold  it  suspended  in  your  left-hand,  and  draw  the  fingers  of  your  right-hand  over 
it,  the  crackling  is  equally  loud  and  longer  continued.  Your  fingers  seem  enveloped 
in  a  blaze  of  light,  and  the  flashes  can  be  several  times  renewed.  Brute  animals  do 
not  escape  the  general  electrical  influence.  In  a  cold  frosty  night,  you  draw  your 
hand  gently  over  a  cat's  back,  and  you  hear  a  distinct  crackling  noise,  while  the  cat 
shows  unmistakeable  signs  of  bad  temper,  and  refuses  her  consent  to  play  the  philo- 
sopher with  you.  Persons  riding  on  horseback  during  a  snow-storm  in  the  night 
have  frequently  noticed  the  extremities  of  their  horse's  ears  tipped  with  light,  like 
that  of  a  pale,  steady  flame.  The  preceding  phenomena  are  either  unknown  in  sum- 
mer or  are  only  noticed  occasionally,  and  in  an  inferior  degree ;  but  the  aurora 
borealis  is  often  witnessed  in  the  United  States  during  winter,  and  frequently  attains 
a  splendour  such  as  is  surpassed  in  but  few  portions  of  the  globe.  During  the  seve- 
rity of  winter,  and  especially  in  houses  which  are  furnished  with  heavy  carpets  and 
kept  thoroughly  warmed,  even  more  remarkable  electrical  phenomena  are  often  wit- 
nessed. If  you  walk  across  such  a  carpet  with  a  slight  shuffling  motion,  and  then 
present  your  knuckle  to  some  metallic  object,  as  the  knob  of  a  door,  you  perceive  a 
1857.  S 
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decided  spark  and  a  faint  snap.  By  walking  rapidly  two  or  three  times  back  and 
forth,  the  spark  may  be  increased,  and  becomes,  perhaps,  a  quarter  of  an  inch  or 
more  in  length,  and  has  great  intensity  accompanied  by  a  smart  snap.  This  phe- 
nomenon is  not  peculiar  to  any  particular  house  or  style  of  carpet,  but  in  the  cold 
months  can  be  witnessed  in  almost  every  house  in  New  York  where  there  is  a  thick 
woollen  carpet,  and  the  room  is  kept  habitually  well-heated  and  dry.  In  some  houses 
these  phenomena  are  so  remarkable  that  persons  who  have  never  witnessed  them  have 
listened  to  the  accounts  with  evident  incredulity. 

A  few  winters  ago  I  received  from  a  female  friend  an  account  of  some  phenomena 
which  she  had  witnessed  at  the  house  of  Mrs.  C.  in  New  York,  and  which  appeared 
so  remarkable  that  I  concluded  the  account  must  be  greatly  exaggerated.    I  was  in- 
duced to  call  on  Mrs.  C,  and  request  her  to  favour  me  with  an  exhibition  of  her 
electrical  powers,  to  which  request  she  readily  acceded.    We  were  sitting  in  a  par- 
lour covered  with  a  heavy  velvet  carpet,  and  lighted  with  gas  by  a  chandelier  suspended 
from  the  ceiling.    Mrs.  C.  rose  from  her  chair,  advanced  one  or  two  short  steps,  and 
gave  a  slight  spring  towards  the  chandelier,  which  was  above  her  reach  when  her  feet 
rested  upon  the  floor.    As  her  finger  approached  the  metal  I  perceived  a  brilliant 
spark  and  heard  a  snap  such  as  would  have  attracted  the  attention  of  a  person  casu- 
ally walking  through  the  hall,  separated  from  the  parlour  by  a  closed  door.     The 
spark  was  more  brilliant  than  that  which  is  furnished  by  an  ordinary  electrophone 
when  most  highly  excited,  but  its  length  was  not  so  great.    A  few  steps  upon  the 
Carpet  were  sufficient  to  renew  the  electric  charge,  and  the  spark  was  perceived  when, 
ever  Mrs.  C.  touched  a  metallic  object,  like  the  knob  of  a  door  or  the  gilded  frame  of 
a  mirror.  The  facts  which  had  been  before  recited  to  me  now  no  longer  appeared  in- 
credible, and  most  of  them  I  verified  by  my  own  observations.    On  approaching  the 
speaking  tube  to  give  orders  to  the  servants,  Mrs.  C.  repeatedly  received  a  very  un- 
pleasant shock  in  the  mouth,  and  was  very  much  annoyed  by  the  electricity  until 
she  learned  first  to  touch  the  tube  with  her  finger.    In  passing  from  one  parlour  to 
the  other,  if  she  chanced  to  step  upon  the  brass  plate  which  served  as  a  slide  for  the 
folding-doors,  she  received  an  unpleasant  shock  in  the  foot.    A  visitor  upon  enter- 
ing the  house,  in  attempting  to  shake  hands  with  Mrs.  C,  received  a  shock  which 
was  quite  noticeable  and  somewhat  unpleasant.    A  lady  on  attempting  to  loss  her 
was  saluted  by  a  spark  from  her  lips.    Her  little  girl  on  taking  hold  of  the  knob  of 
a  door  received  so  severe  a  shock  that  she  ran  off  in  great  fright.     Larger  children 
frequently  amused  themselves  by  shuffling  about  on  the  carpet  and  giving  each  other 
sparks  from  their  fingers.    The  preceding  is  the  most  remarkable  case  I  have  myself 
witnessed ;  but  I  have  heard  of  several  other  houses  in  New  York  which  appeared 
about  equally  electrical ;  and  most  of  these  phenomena  have  become  so  ranuJiar  in 
New  York  that  they  have  ceased  to  excite  surprise.    The  electricity  thus  developed 
exhibits  the  usual  phenomena  of  attraction  and  repulsion,  and  is  capable  of  igniting 
combustible  bodies.    By  skipping  a  few  times  across  the  room  with  a  shuffling 
motion,  and  then  presenting  the  knuckle  to  an  open  gas-burner,  the  gas  may  be 
ignited.    This  experiment  generally  fails  unlesB  the  burner  be  warm ;  but  if  after  a 
jet  has  been  some  time  burning  you  extinguish  the  flame  and  then  draw  a  spark 
with  your  knuckle  from  the  warm  burner,  the  gas  is  readily  ignited.    After  a  care- 
ful examination  of  several  cases  of  this  kind,  I  have  come  to  the  conclusion  that  the 
electricity  is  excited  by  the  friction  of  the  shoes  of  the  inmates  upon  the  carpets  of 
the  house.     I  have  found  by  direct  experiment,  that  electricity  is  developed  by  the 
friction  of  leather  upon  woollen  cloth.    For  this  purpose  I  stood  upon  an  insulating 
stool,  and  spreading  a  small  piece  of  carpeting  upon  a  table  before  me,  rubbed  a  piece 
of  leather  vigorously  upon  it ;  and  then  bringing  the  leather  near  the  cap  of  a  gold- 
leaf  electrometer,  found  that  the  leaves  were  repelled  with  great  violence.    The  elec- 
tricity of  the  leather  was  of  the  resinous  kind.     Electricity  must  therefore  neces- 
sarily be  excited  whenever  a  person  walks  with  a  shuffling  motion  across  a  carpet ; 
but  it  may  be  thought  remarkable  that  the  electricity  should  be  intense  enough 
to  give  a  bright  spark.     In  order  to  produce  the  highest  effect,  there  most  be  a 
combination  of  several  favourable  circumstances.    The  carpet,  or  at  least  its  upper 
surface,  must  be  entirely  of  wool  and  of  a  close  texture.    From  my  own  observa- 
tions I  infer  that  heavy  velvet  carpets  answer  this  purpose  best.    Two  thicknesses 
Of  ingrain  carpeting  answer  very  well.    A  drugget  spread  upon  an  ingraifi  car- 
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pet  yields  a  good  supply  of  electricity.  The  effect  of  the  increased  thickness  is 
obviously  to  improve  the  insulation  of  the  carpet.  The  carpet  mast  be  quite  dry, 
and  also  the  floor  of  the  room,  so  that  the  fluid  may  not  be  conveyed  away  as  soon 
as  it  is  excited.  These  conditions  will  not  generally  exist  except  in  winter,  and  in 
rooms  which  are  habitually  kept  quite  warm.  The  most  remarkable  cases  which  I 
have  heard  of  in  New  York  have  been  in  close,  well-built  houses,  kept  very  warm 
by  furnaces.  These  furnaces  are  erected  in  the  cellar  and  are  filled  with  anthracite 
coal,  which  is  kept  constantly  burning  from  autumn  till  spring.  The  heated  air  is 
conveyed  to  the  hall,  the  parlours,  and  to  every  room  in  the  house,  as  far  as  is  desired, 
through  large  flues  built  in  the  walls,  the  flues  having  a  section  of  about  one  square 
foot.  In  such  a  house  the  wood  during  winter  becomes  very  dry,  and  all  the  furni- 
ture shrinks  and  cracks.  The  electricity  is  most  abundant  in  very  cold  weather.  In 
warm  weather  only  feeble  signs  of  electricity  are  obtained.  The  rubber,  viz.  the 
shoe,  must  also  be  dry  like  the  carpet,  and  it  must  be  rubbed  upon  the  carpet  some- 
what vigorously.  By  skipping  once  or  twice  across  a  room  with  a  shuffling  motion 
of  the  feet  a  person  becomes  highly  charged;  and  then  upon  bringing  the  knuckle 
near  to  any  metallic  body,  particularly  if  it  have  good  communication  with  the  earth, 
a  bright  spark  passes.  In  almost  any  room  which  is  furnished  with  a  thick  woollen 
carpet,  and  is  kept  tolerably  warm  and  dry,  a  spark  may  thus  be  obtained  in  winters 
but  in  some  rooms  the  insulation  is  so  good,  and  the  carpets  are  so  electrical,  that  it 
is  impossible  to  walk  across  the  floor  without  exciting  sufficient  electricity  to  give  a 
spark.  It  may  be  thought  that  in  walking  across  a  room  there  is  but  little  friction 
between  the  shoe  and  carpet,  but  it  should  be  remembered  that  the  rubber  is  applied 
to  the  carpet  with  uncommon  force,  being  aided  by  the  entire  weight  of  the  body,  so 
that  a  slight  shuffling  motion  of  the  feet  acts  with  great  energy. 


Account  of  an  instance  of  Converging  Rays  seen  at  Greenisland,  on  the 
Antrim  Shore  of  Belfast  Lough,  August  IS,  1857.    By  J.  J.  Murphy. 

At  about  6  p.m.,  after  a  thunder-storm — which  was  the  second  on  that  day— a 
rainbow  was  formed.  The  phenomenon  to  be  described  was  seen  about  the  left-hand 
part  of  the  rainbow.  The  sky  outside  the  rainbow  was  of  that  purple  black  which 
accompanies  thunder-storms.  Inside  it  was  lighter,  and  diversified  by  alternate  dark 
and  bright  rays,  like  those  of  an  aurora,  which  appeared  to  converge  to  a  point  a 
little  above  the  centre  of  the  rainbow,  but  below  the  horizon.  These  rays  fluctuated 
like  those  of  an  aurora,  but  much  less  rapidly,  their  changes  being  scarcely  quick 
enough  to  be  visible.  The  dark  rays  extended  through  the  rainbow,  almost  blotting 
it  out  where  they  crossed  it.  The  rays  were  continued  outside  the  rainbow  at  the 
period  of  their  greatest  intensity,  but  not  all  the  time,  and  were  never  so  distinct 
outside  as  inside.  The  dark  rays  were  of  the  same  purple  black  colour  as  the  sky 
outside  the  rainbow ;  the  light  rays  were  like  what  we  call  "watery  sunshine."  This 
appearance  lasted  in  all  about  three-quarters  of  an  hour.  The  light  rays  began  to 
disappear  one  by  one  from  the  horizon  upward, — the  dark  ones  being  welded  toge* 
ther  into  a  mass  of  purple  darkness,  which,  as  it  ascended,  blotted  out  the  rainbow* 
In  this  way  the*  lower  part  of  the  rainbow  and  the  "rays  disappeared.  The  upper 
part  of  both  disappeared  by  vanishing,  the  rays  being  the  last  completely  to  disap- 
pear. After  this,  there  was  some  thunder  and  much  rain.  Another  rainbow  was 
formed  during  the  evening  which  did  not  contain  any  ray's,  but  resembled  the  former 
in  having  a  dark  sky  outside  and  a  light  one  inside. 


Examination  of  some  Problems  of  Meteorology.   New  and  complete  Explana- 
tion of  the  Rainbow.    By  M.  l'Abb£  Raillard. 

The  principal  object  which  I  present  today,  is  a  new  and  complete  explanation  of 
the  rainbow.  I  show  that  the  efficient  rays  of  Descartes  never  enter  into  the  formation 
of  this  phenomenon,  but  that  it  is  always  and  solely  produced  by  interferences.  I 
apply  to  the  rainbow  the  principle  of  interferences,  not  only  as  Dr.  Young  has  done 
it,  in  his  explanations  of  the  supernumerary  bows,  but  according  to  the  much  more 
exact  and  complete  views  of  Mr.  Airy,    Dr.  Young  preserves  in  fact  to  the  primary 
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bow,  a  constant  radios,  while  according  to  that  of  Mr.  Airy,  it  ought  to  be  variable,  a 
matter  which  entirely  agrees  with  observations  made.  I  have  added  to  my  memoir 
a  drawing,  which  represents,  according  to  these  two  theories,  the  variations  whkh 
the  rainbow's  fringes  of  interference  undergo  according  to  the  different  diameters  of 
the  drops,  from  two  millimetres  to  two  hundredths  of  a  millimetre,  and  for  the  two 
extreme  colours  of  the  solar  spectrum,  the  red  next  the  ray  C,  and  the  violet  next  the 
ray  H. 

The  simply  punctuated  curves  of  this  drawing  give  the  deviation  of  the  maxims 
and  minima  red  and  violet  of  different  orders  for  a  given  diameter  of  the  drops,  the 
abscissa?  of  these  curves  representing  the  deviations  of  the  different  points  of  each 
fringe  ;  and  the  ordinates,  the  proximate  intensities  of  these  points  in  the  theory  of 
Young.  The  curves  with  a  full  and  coloured  line  represent  the  real  action  of  the 
phenomenon ;  they  only  give  the  variations  of  the  first  two  fringes,  red  as  well  is 
violet,  the  numerical  results  of  Mr.  Airy  having  only  furnished  me  with  means  of 
cyphering  a  greater  number.  But  these  first  two  fringes  are  by  far  the  most  import- 
ant, and  are  more  than  sufficient  to  fix  the  real  theory  of  the  rainbow,  and  of  all 
the  variations  which  it  undergoes  in  its  breadth,  ray,  and  the  shade  of  its  colours;  as 
also  the  theory  of  supernumerary  bows,  the  white  rainbow,  the  crowns  opposite 
the  sun,  which  are  nothing  else  but  supernumerary  bows,  as  I  demonstrate;  and 
finally,  to  explain  the  absence  of  the  coloured  rainbow  in  fogs  and  rainless  clouds. 
The  relative  intensities  of  the  different  points  of  these  two  fringes  are  not  indicated 
in  an  arbitrary  manner  by  the  ordinatcs  of  the  curves  which  represent  them.  I  have 
determined  them  as  faithfully  as  I  could,  making  use  of  the  drawings  and  numbers 
published  by  Mr.  Airy  in  his  learned  "  Memoir  on  the  Intensity  of  Light  in  the 
vicinity  of  a  Caustic." 

The  columns  of  figures  contained  in  my  Table  give  a  facility  in  passing  from  one 
system  to  another,  by  means  of  a  formula  which  I  give  in  my  memoir,  and  from 
proportional  numbers  taken  from  the  memoir  of  Mr.  Airy.  The  curves  may  be 
multiplied  at  will  by  choosing  other  measures  of  diameter  than  those  I  have  given ; 
I  have  traced  a  sufficient  number  of  them  for  the  requirements  of  my  thesis.  Here 
are  the  principal  results  drawn  from  them. 

Instead  of  a  deviation  of  42°  16'  for  the  red  rays,  and  40°  29'  for  the  violet,  which  the 
first  maximum  should  have  presented,  according  to  the  theory  of  Descartes  and  that 
of  Dr.  Young,  whatever  may  be  the  diameter  of  the  drops,  we  find  for  a  diameter  of 
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The  progressive  diminution  of  the  diameter  of  the  drops  causes  a  continually  in- 
creasing  augmentation  m  the  breadth  of  the  first  fringe  and  all  the  colours,  and  ends 
by  their  being  superposed;  such  is  the  cause  of  the  disappearance  of  the  coloured 
rainbow  in  the  clouds  and  fogs,  and  the  origin  of  the  white  rainbow  which  after- 
wards  disappears. 

When  the  diameter  of  the  globules,  of  which  the  fogs  are  formed,  become  less  than 
0  02  the  millimetre,  the  same  Table  shows  that  the  conditions  favourable  to  the  for- 
mation  of  the  white  rainbow,  is,  that  the  globules  of  the  fogs  have  a  diameter  always 
between  0-1  and  0*02  of  a  millimetre.  Moreover,  if  the  diameter  does  not  exceed 
0-05  of  a  millimetre,  the  colours  of  all  the  fringes  which  follow  the  first,  present 
themselves  in  a  bow,  from  that  in  which  they  are  produced  under  the  latter,  and 
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give  birth  to  coloured  crowns  opposite  the  sun,  a  phenomenon  which  up  to  the  pre- 
sent time  remained  unexplained.  In  support  of  views  purely  theoretical,  which  are 
developed  at  length,  I  bring  first  the  experiments  of  Mr.  Miller  on  threads  of  water 
of  three  different  diameters,  then  the  direct  observations  of  Mr.  Galle  on  the  rainbow, 
afterwards  my  own  experiments  on  very  fine  cylindrical  threads  of  a  viscous  liquid, 
and  finally,  my  observations  on  the  coloured  rainbows  which  are  seen  in  cooled  water, 
or  on  the  irisation  of  the  little  cloud  formed  above  hot  water. 

All  these  facts  justify,  fully  and  in  all  its  details,  the  theory  which  I  have  pro- 
pounded, and  clearly  show  how  illusory  was  the  theory  of  the  efficient  rays  of  Des- 
cartes ;  the  latter  facts,  above  all,  are  a  proof  of  the  fallacy  of  the  hypothesis  of  the 
vesicular  state.  They  teach  us  what  is  the  true  constitution  of  clouds  and  fogs 
whose  temperature  is  beyond  zero  Centigrade,  and  it  is  the  only  principle  of  inter- 
ferences suitably  employed  which  enabled  me  to  establish  it  with  certainty. 

Towards  the  close  of  my  memoir,  I  call  the  attention  of  physicists  to  certain 
singular  facts,  not  yet  explained,  of  interferences  produced  by  very  thin  laminae.  I 
draw  from  these  facts  a  most  conclusive  argument  against  the  explanation  which 
had  been  given  of  the  suspension  of  the  clouds  by  the  hypothesis  of  vesicular  vapours. 
For  this  reason,  and  for  all  the  others  which  I  have  deduced  against  the  truly  singular 
hypothesis  of  the  vesicular  state,  and  against  that  of  efficient  rays,  I  dare  hope  these 
two  hypotheses  will  be  henceforward  banished  when  teaching  the  sciences  which  they 
shackled ;  that  they  will  never  more  be  called  to  explain  the  suspension  of  clouds,  the 
colours  of  the  rainbow,  the  absence  of  the  rainbow  in  clouds  or  fogs,  but  that  wc 
may  confine  ourselves  to  the  explanations,  free  from  every  gratuitous  supposition, 
which  I  have  now  given  of  these  phenomena. 


Meteorological  Phenomena  at  Httggate,  Yorkshire. 
By  the  Rev.  T.  Rankin. 

On  the  Temperature  of  the  Air  registered  at  the  *  Plover's '  Winter-quarters 
at  Point  Barrow,  in  the  Years  1852,  1853)  1854.  By  John  Simpson, 
M.D.,  R.N^  F.R.G.S. 

This  communication  was  brought  under  the  notice  of  the  Section  by  Prof. 
Ilaughton.  The  author  commenced  by  saying  that  his  attention  was  first  directed 
to  the  importance  of  this  subject,  and  he  was  induced  to  undertake  the  laborious  task 
of  hourly  observations  on  the  temperature  in  these  regions,  by  certain  remarks  of 
Sir  J.Richardson,  at  p.  331  of  the  ninth  volume  of  the  Royal  Geographical  Society's 
Journal,  1839,  in  referenee  to  Sir  D.  Brewster's  discussions  of  the  hourly  register 
of  the  temperature  at  Leith  Fort.  The  author  then  stated  that  the  observations  had 
been  continued  from  the  3rd  of  September,  1852,  to  the  7th  of  August,  1853,  and 
for  a  few  days  before  and  after  each  of  these  dates  in  the  neighbourhood,  making  a 
complete  year,  less  21  days;  again,  in  precisely  the  same  locality,  from  the  7th  of 
September,  1853,  to  the  lQth  of  July,  1854,  to  which  have  been  added  the  first  six 
days  of  September  and  one  day,  the  21st  of  July,  during  which  the  ship  was  in  the 
immediate  neighbourhood,  making  a  second  complete  year,  less  42  days.  The  ship 
returned  to  the  same  spot  on  the  27th  of  August,  1854,  and  remained  four  whole 
days,  for  which  the  hourly  register  gave  a  mean  temperature  of  39°*448,  serving  as 
a  fair  guide  for  estimating  the  temperature  of  the  last  eleven  days  of  August.  He 
then  touched  on  the  principle  of  an  estimate  for  filling  up  the  entire  interval  of  twenty- 
one  days  in  1853,  and  proceeded  to  describe  the  instruments  used,  which  were  fur- 
nished by  Adie  and  Co.  of  Edinburgh,  and  which,  having  been  returned  to  the  Hydro- 
grapher's  office  in  1855,  could  now  be  re-examined  and  compared  with  standards  at 
Kew.  The  author  then  proceeded  to  give  some  highly  interesting  details  of  the 
freezing  of  the  mercurial  thermometers,  and  of  the  freezing  of  mercury  exposed  in  open 
vessels ;  the  temperature  when  it  froze  seemed  about  39°.  Prof.  Haughton  then  pro- 
ceeded to  direct  the  attention  of  the  Section  to  several  interesting  points,  selected 
from  the  Journal  and  Tables,  and  concluded  by  describing  two  large  sheets  of  curves 
of  mean  temperature :  Fig.  1  showing  the  mean  daily  curve  of  temperature  in  the 
shade  for  each  month  of  the  year;  also  the  mean  daily  curve  of  temperature  in  the 
sun  for  the  month  of  June.  Fig.  2  showed  the  mean  daily  curve  of  temperature  for 
each  season  of  the  year  for  the  summer  and  winter  half-years,  and  for  the  whole  year ; 
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also  the  mean  daily  carve  of  temperature  in  the  son  for  forty-two  days  at  Mates*, 
mtr.    The  latitude  at  Point  Barrow  is  71°  21'  North,  longitude  156°  \T  West. 


On  the  Grand  Currents  of  Atmospheric  Circulation. 
By  Jambs  Thomson,  CE^  fyc. 

In  this  paper  Mr.  Thomson  brought  under  the  notice  of  the  Section  a  theory  of 
the  grand  currents  of  atmospheric  circulation,  which  had  occurred  to  him.  It  has 
been  ascertained  as  a  matter  of  observation,  that  in  latitudes  extending  from  about 
30p  to  the  poles,  the  winds,  while  prevailing  from  west  to  east,  prevail  also  in  direc- 
tions from  the  equator  towards  the  poles.  Now  this  motion  towards  the  poles  ap- 
pears not  to  have  been  hitherto  satisfactorily  explained.  In  fact,  it  is  the  contrary 
motion  to  what  is  naturally  to  be  expected  when  the  theory  of  Hal  ley,  which  was 
given  about  the  year  1686,  and  which  appears  to  afford  the  true  key  to  the  explana- 
tion of  the  trade-winds,  is  followed  up  with  respect  to  the  circulation  of  the  air  is 
other  latitudes  than  those  in  which  the  trade-winds  occur.  According  to  this  theory 
so  applied,  it  would  naturally  be  expected  that  the  air,  having  risen  to  the  upper 
regions  of  the  atmosphere  in  a  hot  zone  at  the  equator,  should  float  towards  the  north 
and  south  polar  regions  in  two  grand  upper  currents,  retaining,  as  they  pass  to  higher 
latitudes,  some  remains,  not  abstracted  by  friction  and  admixture  with  the  currents 
below,  of  the  rapid  equatorial  motion  of  about  1OO0  miles  per  hour  from  west  to  east, 
which  they  had  in  moving  with  the  earth's  surface  at  the  equator.  Also,  it  would' 
be  expected  that  the  air  in  the  polar  regions  should  have  a  prevailing  tendency  to  sink 
towards  the  surface  of  the  earth,  in  consequence  of  its  increased  density  caused  by 
cold ;  and  that  it  should  tend  to  flow  from  the  polar  regions  along  the  surface  of  the 
earth,  towards  the  equator,  with  a  prevailing  motion  from  west  to  east  in  advance  of 
the  earth,  until,  by  friction  and  impulses  on  the  earth's  surface,  the  motion  in  ad- 
vance of  the  earth,  brought  from  above  by  the  air  in  its  descent,  and  communicated 
further  to  it  by  friction  and  admixture  from  above,  as  it  passes  to  lower  latitudes  thas 
its  places  of  descent,  is  exhausted ;  or,  in  other  words,  until  it  reaches  the  latitude 
in  which  the  trade- winds  commence  to  blow  from  the  east;  and  until  it  has  commu- 
nicated, in  blowing  from  west  to  east  on  the  earth's  surface,  a  torsional  force  to  the 
earth,  just  sufficient  to  balance  the  opposite  torsional  force  communicated  to  the  earth 
by  the  trade-winds  blowing  from  east  to  west.  Now  this  theory,  obvious  as  it  ap- 
pears in  the  form  just  adduced,  is  found  in  one  essential  point  to  be  controverted  by 
observations.  This  point  is  what  was  stated  in  the  outset  of  the  present  article, 
namely,  that  the  prevailing  winds  on  the  surface  of  the  earth  in  latitudes  higher  this 
30°,  are,  while  blowing  from  the  west,  as  should  be  expected,  found  to  blow  more 
towards  the  poles  than  from  the  poles ;  and  thus  do  not  move  as  if  impelled  along 
the  surface  of  the  earth  from  polar  to  equatorial  regions  by  an  augmented  pressure 
due  to  condensation  by  cold  in  polar  regions,  and  a  diminished  pressure  due  to  rare- 
faction in  the  equatorial  regions.  Observations  being  thus  at  variance  with  the  only 
obvious  theory  proposed,  the  circumstance  in  question  has  been  commonly  regarded 
as  rather  paradoxical :  and  Lieut.  Maury,  one  of  the  most  recent  writers  on  the  sub- 
ject, has,  in  his  much-valued  treatise  on  the  Physical  Geography  of  the  Sea,  rbond 
himself  forced  into  supposing  an  entire  reversal  in  latitudes  above  30°,  of  the  great 
circulation  just  described. 

Mr.  Thomson  regards  Lieut.  Maury's  supposition  as  being  entirely  unsupported 
by  the  known  physical  causes  of  the  atmospheric  motions.  He,  on  the  contrary, 
maintains  that  the  great  circulation  already  described  does  actually  occur,  but  occurs 
subject  to  this  modification,  that  a  thin  stratum  of  air  on  the  surface  of  the  earth  io 
the  latitudes  higher  than  30° — a  stratum  in  which  the  inhabitants  of  thoee  latitude* 
have  their  existence,  and  of  which  the  movements  constitute  the  observed  winds  of 
those  latitudes — being,  by  friction  and  impulses  on  the  surface  of  the  earth,  retarded 
with  reference  to  the  rapid  whirl  or  vortex  motion  from  west  to  east  of  the  great  mass 
of  air  above  it,  tends  to  flow  towards  the  pole,  and  actually  does  so  flow  to  supply 
the  partial  void  in  the  central  parts  of  that  vortex,  due  to  the  centrifugal  force  of  its 
revolution.  Thus  it  appears  that,  in  temperate  latitudes,  there  are  three  currents  at 
different  heights : — that  the  uppermost  moves  towards  the  pole,  and  is  part  of  a  grand 
primary  circulation  between  equatorial  and  polar  regions; — that  the  lowermost  mows 
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alao  towards  the  pole,  but  is  only  a  thin  stratum  forming  part  of  a  secondary  circu- 
lation ; — that  the  middle  current  mores  from  the  pole,  and  constitutes  the  return  cur- 
rent for  both  the  preceding ; — and  that  all  these  three  currents  have  a  prevailing 
motion  from  west  to  east  in  advance  of  the  earth.  This  is  the  substance  of  Mr. 
Thomson's  theory  ;  and  he  gives,  as  an  illustration,  the  following  simple  experiment: 
— If  a  shallow  circular  vessel  with  flat  bottom,  be  filled  to  a  moderate  depth  with 
water,  and  if  a  few  small  objects,  very  little  heavier  than  water,  and  suitable  for 
indicating  to  the  eye  the  motions  of  the  water  in  the  bottom*,  be  put  in,  and  if  the 
water  he  set  to  revolve  by  being  stirred  round,  then,  on  the  process  of  stirring  being 
terminated,  and  the  water  being  left  to  itself,  the  small  particles  in  the  bottom  will 
be  seen  to  collect  in  the  centre.  They  are  evidently  carried  there  by  a  current  deter- 
mined towards  the  centre  along  the  bottom  in  consequence  of  the  centrifugal  force  of 
the  lowest  stratum  of  the  water  being  diminished  in  reference  to  the  strata  above 
through  a  diminution 'of  velocity  of  rotation  in  the  lowest  stratum  by  friction  on  the 
bottom.  The  particles  being  heavier  than  the  water,  must,  in  respect  of  their  den- 
sity, have  more  centrifugal  force  than  the  water  immediately  in  contact  with  them ;. 
and  must  therefore  in  this  respect  have  a  tendency  to  fly  outwards  from  the  centre, 
but  the  flow  of  water  towards  the  centre  overcomes  this  tendency  and  carries  them 
i awards;  and  thus  is  the  flow  of  water  towards  the  centre  in  the  stratum  in  contact 
with  the  bottom  palpably  manifested. 


On  the  Plasticity  of  Ice*    By  Jambs  Thomson,  C.E.  $c. 

Mr.  Thomson  commenced  by  stating,  that  to  Prof.  James  Forbes  is  to  be  attributed 
the  discovery  that  the  motion  of  glaciers  down  their  valleys  depends  on  a  plastic  or 
viscous  quality  of  the  ice.  He  (Mr.  Thomson)  had  formed  a  theory  to  explain  the 
nature  of  this  plasticity,  and  the  manner  in  which  it  originates.  He  had  been  led  to 
his  speculations  on  this  subject  from  a  previous  theoretical  deduction  at  which  he 
had  arrived,  namely,  that  the  freezing-point  of  water,  or  the  melting-point  of  ice, 
must  vary  with  the  pressure  to  which  the  water  or  the  ice  is  subjected,  the  tempera- 
tare  of  the  freezing-point  being  lowered  as  the  pressure  is  increased.  His  theory  on 
that  matter f  led  to  the  conclusion  that  the  lowering  of  the  freezing-point  for  one 
additional  atmosphere  of  pressure  must  be  0°'0075  Centigrade,  and  that  the  lowering 
of  the  freezing-point  corresponding  to  other  pressures  must  be  proportional  to  the 
additional  pressure  above  one  atmosphere.  The  phenomena  which  he  thus  predicted, 
in  anticipation  of  direct  observations,  were  afterwards  fully  established  by  experi- 
ments made  by  his  brother,  Prof.  William  Thomson,  of  which  an  account  was  pub- 
lished in  the  '  Proceedings  of  the  Royal  Society  of  Edinburgh  for  February  1850/ 
Having  thus  laid  down  as  a  basis  the  principle  of  the  lowering  of  the  freezing-point 
of  water  by  pressure,  Mr.  Thorn  sod  proceeded  to  offer  his  explanation,  derived  from 
it,  of  the  plasticity  of  ice  at  the  freezing-point,  as  follows : — If  to  a  mass  of  ice  at 
0?  Centigrade,  which  may  be  supposed,  for  the  present,  to  be  slightly  porous,  and  to 
contain  small  quantities  of  liquid  water  diffused  through  its  substance,  forces  tend* 
ing  to  change  its  form  be  applied,  whatever  portions  of  it  may  thereby  be  subjected 
to  compression  will  instantly  have  their  melting-point  lowered  so  as  to  be  below 
their  existing  temperature  of  OP  Centigrade.  Melting  of  those  portions  will  therefore 
set  in  throughout  their  substance,  and  this  will  be  accompanied  by  a  fall  of  tempera- 
ture in  them,  on  account  of  the  cold  evolved  in  the  liquefaction.  The  liquefied  por- 
tions being  subject  to  squeezing  of  the  compressed  mass  in  which  they  originate,  will 
spread  themselves  out  through  the  pores  of  the  general  mass,  by  dispersion  from  the 
regions  of  greatest  to  those  of  least  fluid  pressure.  Thus  the  fluid  pressure  is  relieved 
in  those  portions  in  which  the  compression  and  liquefaction  of  the  ice  had  set  in,  ac- 
companied by  the  lowering  of  temperature.  On  the  removal  of  this  cause  of  liquidity, 
the  fluid  pressure,  namely,  the  cold,  which  had  been  evolved  in  the  compressed  parts 

*  A  few  tea-leaves  taken  from  a  teapot  will  suit  the  purpose  well. 

f  This  theory  is  to  be  found  in  a  paper  by  the  author,  entitled  "  Theoretical  Considera- 
tions on  the  Effect  of  Pressure  in  lowering  the  Freezing-point  of  Water,"  published  in  the 
Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xiv.  part  5,  1849,  and  also  re-published 
in  the  Cambridge  and  Dublin  Mathematical  Journal  for  Nov.  1850,  vol.  v.  p.  248. 
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of  the  ice  and  water,  freezes  the  water  again  in  new  positions,  and  thus  a  change  of 
form,  or  plastic  yielding  of  the  mass  of  ice  to  the  applied  pressures,  has  occurred. 
The  newly-formed  ice  is  at  first  free  from  the  stress  of  the  applied  forces,  but  the 
yielding  of  one  part  always  leaves  some  other  part  exposed  to  the  pressure,  and  that 
part,  in  its  turn,  melts  and  falls  in  temperature ;  and,  on  the  whole,  a  continual  suc- 
cession goes  on,  of  pressures  being  applied  to  particular  parte — liquefaction  occurring 
in  those  parts  accompanied  by  evolution  of  cold, — dispersion  of  the  water  so  pro- 
duced in  such  directions  as  will  relieve  its  pressure, — and  re-congelation,  by  the  cold 
previously  evolved,  of  the  water  on  its  being  relieved  from  this  pressure.  The  cyde 
of  operations  then  begins  again,  for  the  parts  re-congealed,  after  having  been  melted, 
must,  in  their  turn,  through  the  yielding  of  other  parts,  receive  pressures  from  the 
applied  forces,  thereby  to  be  again  liquefied,  and  to  proceed  through  successive  ope- 
rations as  before.  The  succession  of  these  processes  must  continue  as  long  as  the 
external  forces  tending  to  change  of  form  remain  applied  to  the  mass  of  porous  ice  per- 
meated by  minute  quantities  of  liquid  water.  The  ice  is  thus  shown  to  be  incapable 
of  opposing  a  permanent  resistance  to  the  pressures,  and  to  be  subject  to  gradual 
changes  of  form  while  they  act  on  it ;  or,  in  other  words,  it  has  been  shown  to  be 
possessed  of  the  quality  of  plasticity.  In  the  foregoing,  I  have  supposed  the  ice 
under  consideration  to  be  porous,  and  to  contain  small  quantities  of  liquid  water  dif- 
fused through  its  substance.  Porosity  and  permeation  by  liquid  water  are  generally 
understood,  from  the  results  of  observations,  and  from  numerous  other  reasons,  to 
be  normal  conditions  of  glacier  ice.  It  is  not,  however,  necessary  for  the  purposes 
of  my  explanation  of  the  plasticity  of  ice  at  the  freezing-point,  that  the  ice  should  be, 
at  the  outset,  in  this  condition ;  for  even  if  we  commence  with  the  consideration  of 
a  mass  of  ice  perfectly  free  from  porosity,  and  free  from  particles  of  liquid  water 
diffused  through  its  substance,  and  if  we  suppose  it  to  be  kept  in  an  atmosphere  at 
or  above  0°  Centigrade,  then,  as  soon  as  pressure  is  applied  to  it,  pores  occupied  by 
liquid  water  must  instantly  be  formed  in  the  compressed  parts,  in  accordance  with 
the  fundamental  principle  of  the  explanation  which  I  have  proposed — the  lowering, 
namely,  of  the  freezing-  or  melting-point,  by  pressure,  and  the  cognate  fact,  that  ice 
cannot  exist  at  (f  Centigrade  under  a  pressure  exceeding  that  of  the  atmosphere.  I 
would  further  wish  to  make  it  distinctly  understood,  that  no  part  of  the  ice,  even  if 
supposed  at  the  outset  to  be  solid,  or  free  from  porosity,  can  resist  being  permeated 
by  the  water  squeezed  against  it  from  such  parts  as  may  be  directly  subjected  to  the 
pressure ;  because,  the  very  fact  of  that  water  being  forced  against  any  portions  of 
the  ice  supposed  to  be  solid,  will  instantly  subject  them  to  pressure,  and  so  will 
cause  melting  to  set  in  throughout  their  substance,  thereby  reducing  them  imme- 
diately to  the  porous  condition.  Thus  it  is  a  matter  of  indifference,  as  to  whether 
we  commence  with  the  supposition  of  a  mass  of  porous  or  of  solid  ice. 

Mr.  Thomson  then  referred  to  an  experiment  made  by  Prof.  Christie,  late  Secre- 
tary to  the  Royal  Society,  showing  the  plasticity  of  ice  in  small  hand  specimens, 
and  also  to  more  recent  experiments  by  Prof.  Tyndall  to  the  same  effect,  and  very 
interesting  on  account  of  the  striking  way  in  which  they  exhibit  the  phenomena. 
He  also  stated  that  another  very  important  quality  of  ice  was  brought  forward  by 
Faraday  in  1850  (see  'Athenaeum/  No  1181).  It  was  that  two  pieces  of  moist  ice 
will  consolidate  into  one  on  being  laid  in  contact  with  one  another,  even  in  hot  wea- 
ther. The  theory  he  had  just  propounded,  he  said,  afforded  a  clear  explanation  of 
this  fact  as  follows : — The  two  pieces  of  ice,  on  being  pressed  together  at  their  point 
of  contact,  will,  at  that  place,  in  virtue  of  the  pressure,  be  in  part  liquefied  and  redacpd 
in  temperature,  and  the  cold  evolved  in  their  liquefaction  will  cause  some  of  the  liquid 
film  intervening  between  the  two  masses  to  freeze.  It  is  thus  evident,  he  added,  tbat 
by  continued  pressure  fragmentary  masses  of  ice  may  be  moulded  into  a  continuous 
mass ;  and  a  sufficient  reason  is  afforded  for  the  reunion,  found  to  occur  in  glaciers, 
of  the  fragments  resulting  from  an  ice  cascade,  and  for  the  mending  of  the  crevasses  or 
deep  fissures  which  result  occasionally  from  their  motion  along  their  uneven  beds. 


Secular  Variations  in  Lunar  and  Terrestrial  Motion  from  the  influence  of 
Tidal  Action.    By  D.  Vaughan,  of  Cincinnati,  Ohio. 

Laplace  concludes  from  his  elaborate  investigations,  that  the  rotation  of  the  earth 
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is  not  affected  by  the  occurrence  of  the  tides ;  nor  do  his  formulae  reveal  any  perma- 
nent alteration  in  the  motion  of  the  lunar  orb  which  disturbs  the  repose  of  our  oceans. 
These  results,  announced  by  so  high  an  authority,  might  be  received  without  a  care- 
ful examination  if  the  fundamental  principles  of  natural  philosophy  did  not  discoun- 
tenance the  idea  of  an  actual  creation  of  power  by  lunar  attraction.  The  tides  con- 
stitute an  important  mechanical  agent ;  and,  could  their  whole  force  be  rendered 
available,  it  would  be  found  adequate  to  several  hundred  times  the  labour  of  the  human 
population.  So  great  an  amount  of  motive  power,  whether  appropriated  to  the  great 
purposes  of  nature  and  art,  or  wasted  in  overcoming  friction,  cannot  be  produced 
without  some  expense;  and  my  present  object  is  to  trace  the  change  which  it  involves 
in  the  motions  of  the  earth  and  the  moon.  As  the  extreme  disproportion  between  the 
momentum  of  the  oceanic  waters  and  that  of  the  planetary  bodies  is  the  chief  source 
of  error  in  these  investigations,  I  shall  commence  by  showing  how  the  tidal  action 
should  operate,  if  the  moon  moved  around  the  earth  tn  an  exact  circle,  situated  in  the 
plane  of  the  equator,  and  not  more  than  34,000 'miles  in  diameter.  Her  periodical 
revolution  in  this  case  would  occupy  nearly  twelve  hours,  and  the  lunar  day  would 
be  about  twenty-four  hours  in  length.  The  tidal  action  on  the  seas  nearest  to  the 
moon  would  be  almost  twice  as  great  as  on  those  most  distant ;  the  former  being 
about  5000  times,  and  the  latter  over  2500  times,  the  disturbing  action  now  exerted 
by  the  moon  on  the  watery  domain.  The  aqueous  appendage  of  our  planet  would 
in  this  case  form  two  great  moveable  oceans,  sustained  on  its  opposite  sides  by  the 
attraction  of  our  satellite,  and  keeping  pace  with  her  movements.  Without  taking 
into  consideration  the  oscillations  of  the  solid  part  of  the  earth  which  might  possibly 
occur  in  these  circumstances,  it  is  evident  that  there  should  be  a  general  flow  of  the 
waters  from  west  to  east ;  and  though  the  current  may  be  alternately  reversed  in  deep 
channels,  the  force  propelling  it  in  an  eastern  direction  should  always  maintain  the 
ascendency.  A  vast  body  of  water,  circulating  around  the  earth  from  west  to  east, 
could  not  fail  to  accelerate  its  rotary  motion;  although  the  result  would  not  be  exhibited 
by  the  formula?  of  Laplace.  The  moon  in  this  case  would  sustain  a  loss  of  momentum 
to  a  more  considerable  extent.  It  is  well  known  that  the  attraction  of  mountains 
modifies  the  direction  of  terrestrial  gravity  in  their  vicinity ;  and  that  a  plumb-line 
on  that  part  of  the  equator  immediately  west  of  the  Andes  would  be  slightly  deflected 
to  the  east.  In  the  case  we  have  supposed,  the  direction  of  terrestrial  gravity  would 
experience  a  similar  deflection  at  places  in  conjunction  with  the  moon  from  the 
attraction  of  the  excess  of  waters  which  swelled  behind  her.  Accordingly,  the  lunar 
orb  would  be  drawn,  not  directly  to  the  earth's  centre,  but  always  to  a  point  a  little 
westward  of  it,  and  a  constant  loss  of  motion  would  be  an  inevitable  consequence. 
It  would  be  different  if  the  earth  could  preserve  an  invariable  form,  for  in  that  case 
its  attraction  on  a  satellite  being  always  directed  to  the  centre,  or  alternately  deflected 
cast  and  west  of  that  point,  the  loss  and  gain  of  motion  should  be  evenly  balanced 
after  one  or  many  revolutions.  Other  investigations  lead  to  the  same  conclusion.  A 
satellite  revolving  just  beyond  the  confines  of  our  atmosphere,  would  alternately 
accelerate  and  retard  the  movements  of  one  more  distant ;  and  physical  astronomy 
shows  that  in  our  planetary  systems  a  like  periodicity  results  from  the  inequality 
of  the  times  in  which  the  several  planets  perform  their  revolutions.  But  as  the  tide- 
wave  rolls  around  the  earth  with  the  same  mean  angular  velocity  as  the  moon,  their 
mutual  action  will  not  exhibit  the  periodicity  which  characterizes  planetary  disturb- 
ances. In  the  analytical  solution  of  this  problem,  the  equation  depending  on  the 
difference  of  motion  of  the  moon  and  the  tide-wave  would  acquire  by  integration  a 
divisor  infinitely  small ;  and  this  proves  its  secular  character.  If  Laplace  finds  no 
such  divisors,  it  is  because  all  the  modifications  in  the  action  of  the  moon  on  the 
waters  of  the  ocean  are  not  embraced  in  his  investigations  on  the  subject.  Leaving 
the  supposed  case,  we  shall  now  pass  to  the  actual  condition  of  the  agencies  con- 
cerned in  tidal  phenomena  on  our  globe.  At  her  present  distance  the  revolution  of 
the  moon  occupies  more  time  than  the  earth's  period  of  rotation;  and  the  tidal  wave 
which  has  the  greatest  disturbing  influence  being  always  east  of  our  satellite,  must 
add  to  its  velocity,  while  it  retards  that  of  the  earth.  We  may  remark,  however, 
that  the  additional  velocity  imparted  to  the  moon  would  give  her  a  larger  orbit,  and 
increase  the  period  of  her  revolution.  Hence  the  orbital  motion  of  the  moon,  as  well 
as  the  rotary  motion  of  the  earth,  sustain  a  loss  depending  on  the  difference  of  the 
tidal  force  on  opposite  tides  of  our  globe,  and  so  very  insignificant)  that  some  mil- 
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lions  of  years  would  be  required  to  cause  a  reduction  ot  one  per  cent  in  the  noneata 
of  these  vast  bodies.  I  must  however  question  the  results  of  Laplace,  who  finds  thst 
the  change  in  the  length  of  the  day  has  not  amounted  to  the  lijth  part  of  a  second 
during  the  last  2000  years.  This  conclusion  is  based  on  a  comparison  of  ancient  sad 
modern  eclipses ;  and  the  time  of  the  earth's  rotation  is  thus  ascertained  from  the 
revolutions  of  the  moon,  making  corrections  for  the  disturbances  operating  on  the 
latter  body.  But  ail  the  disturbing  influences  have  not  yet  been  taken  into  conaidenv 
tioni  and  as  the  one  noticed  in  the  present  article  operates  on  the  earth  and  bsoob, 
we  cannot  regard  either  of  these  bodies  as  an  infallible  chronometer  for  measurisg 
the  vast  ages  of  eternity.  

On  the  Light  cf  Suns,  Meteors,  and  temporary  Stars. 
By  D.  Vauohan,  Cincinnati,  Ohio. 

Modern  science  recognizes  shooting- stars,  fire-balls,  and  meteoric  stones  as  bodies 
which  enter  our  atmosphere  from  external  space  with  immense  velocities.  From  the 
great  elevation  at  which  these  objects  are  luminous,  it  has  been  inferred  that  their 
light  has  little  or  no  dependence  on  aerial  action ;  and  indeed  the  presence  of  the  sir 
alone  could  not  account  for  the  greatness  of  the  illumination  which  marks  their  ap- 
proach to  the  earth,  but  ceases  when  they  enter  the  dense  stratum  of  the  atmosphere. 
The  diameter  of  many  luminous  meteors  has  been  estimated  at  two  or  three  thousand 
feet ;  and  the  globe  of  light  which  they  exhibited  must  have  been  several  million  times 
greater  than  the  largest  meteoric  stone  yet  found  on  the  earth's  surface.  It  is  sup- 
posed that  these  brilliant  exhibitions  are  produced  by  cosmical  masses  several  hundred 
yards  in  diameter,  which,  in  traversing  the  planetary  regions,  occasionally  sweep 
through  the  verge  of  our  atmosphere,  and,  after  casting  a  few  fragments  on  the  earth, 
continue  their  course  through  space.  But  the  idea  that  such  wandering  bodies  should 
graze  our  planet  so  often,  without  ever  striking  it  directly  or  falling  to  its  surface,  is 
too  extravagant  to  be  seriously  entertained.  It  would  be  far  more  likely  that,  during 
a  naval  engagement,  a  ship  should  be  almost  touched  by  several  thousand  balls,  with- 
out being  ever  struck  by  a  single  one.  Moreover,  there  is  not  the  slightest  evidence 
that  meteorites  ever  perform  such  remarkable  feats  of  precision,  or  experience  so  many 
narrow  escapes  from  a  collision  with  the  earth ;  for,  instead  of  being  observed  depart- 
ing into  space,  they  suddenly  disappear  after  their  encounter  with  the  air.  The  small 
amount  or  solid  matter  which  falls  to  the  ground  on  these  occasions  is  justly  regarded 
as  inadequate  to  evolve  so  vast  a  body  of  light  bv  acting  on  the  rarefied  air  at  great 
elevations ;  but  our  globe  seems  to  be  invested  witli  an  atmosphere  of  aether  having  far 
more  wonderful  properties.  Astronomical  investigations  prove  the  existence  of  a  rare 
medium  pervading  all  space ;  and  this  subtle  fluid  cannot  be  wholly  insensible  to  che- 
mical forces,  whlcn  alone  could  render  it  useful  in  nature's  economy.  Extreme  rarity 
would,  Indeed,  prevent  it  from  undergoing  any  chemical  change  in  the  interplanetary 
regions;  but  it  is  compressed  to  a  much  greater  density  about  the  vast  spheres  hy 
which  space  is  tenanted.  The  atmospheres  of  this  fluid  enveloping  the  earth  and  the 
other  large  planets,  are  not  sufficiently  dense  for  chemical  action,  except  in  case* 
where  they  receive  an  additional  pressure  from  meteoric  bodies  sweeping  through 
them  with  wonderful  rapidity.  The  evolution  of  light  on  such  occasions  depends,  not 
only  on  the  size  and  velocity  of  the  falling  mass,  but  also  on  the  direction  in  which  it 
approaches  the  planetary  surface;  and  observation  shows  that  the  most  brilliant  meteors 
move  very  nearly  parallel  to  the  horizon.  But  around  the  sun  a  much  stronger  attract- 
ive force  gives  this  ethereal  fluid  the  compression  necessary  for  a  constant  chemical 
action,  and  a  steady  development  of  light;  while  the  realms  of  space  furnish  incx- 
haustible  supplies  of  the  luciferous  matter,  and  impart  perpetual  brilliancy  to  the  great 
luminary  of  our  system.  It  is  not  possible  that  the  self- luminous  condition  of  the  sitn 
could  be  maintained  by  any  combustible,  or  light-yielding  matter ;  of  which  It  is  com- 
posed. Prom  a  comparison  of  the  relative  intensity  of  solar,  lunar,  and  artificial 
light,  as  determined  by  Euler  and  Wollaaton,  it  appears  that  the  rays  of  the  sun  have 
all  illuminating  power  equal  to  that  of  14,000  candles,  at  ft  distance  of  one  foot;  or 
of  3500,000000,000000,000000,000000  candles,  at  a  distance  of  95,000,000  miles. 
It  follows  that  the  amount  of  light  which  flows  from  the  solar  orb  could  be  scarcely 
produced  by  the  daily  combustion  of  700  globes  of  tallow,  each  equal  to  the  earth  m 
magnitude.    A  sphere  of  combustible  matter  much  larger  than  the  sun  itself  should 
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be  oonfumed  every  ten  yean  In  maintaining  iU  wonderful  brilliancy,  and  its  atmo- 
sphere, if  pure  oxygen,  would  be  expended  before  a  few  days  in  supporting  so  great 
a  conflagration. 

An  illumination  on  so  vast  a  scale  oould  be  kept  up  only  by  tbe  inexhaustible 
magazine  of  aether  disseminated  through  space,  and  ever  ready  to  manifest  its  luci- 
ferous properties  on  large  spheres,  whose  attraction  renders  it  sufficiently  dense  for 
the  play  of  chemical  affinity.  Accordingly,  suns  derive  the  power  of  shedding  per- 
petual light,  not  from  their  chemical  constitution,  but  from  their  immense  mass  and 
their  superior  attractive  power.  We  thus  obtain  some  definite  knowledge  respecting 
the  stupendous  magnitude  of  the  fixed  stars ;  and  making  due  allowance  for  their 
density,  we  may  confidently  pronounce  the  smallest  stellar  body  several  thousand 
time*  greater  than  the  globe  we  inhabit.  This  theory  gives  considerable  support  to 
the  views  which  many  astronomers  maintain,  on  different  grounds,  iu  regard  to  the 
relative  brilliancy  of  the  stars ;  for  it  appears  that,  though  the  self-luminous  occupants 
of  apace  are  not  necessarily  equal  in  size,  they  differ  much  less  than  we  might  anti- 
cipate from  an  acquaintance  with  the  member*  of  our  planetary  system.  That  the 
light  of  the  sun  is  furnished,  not  by  its  solid  or  liquid  matter,  but  by  its  luminous 
atmosphere,  has  been  proved  very  conclusively  from  the  observations  with  A r ago  a 
polarizing  telescope.  There  is  also  evidence  that  this  luciferous  envelope  is  constantly 
replenished  by  supplies  of  tether  from  space.  The  sun's  rotation  assists  in  effecting  this 
object  by  expelling  the  fluid  from  its  equatorial  regions,  and  thus  creating  a  corre- 
sponding influx  at  its  poles.  A  displacement  by  this  means  would  evidently  cause 
the  solar  atmosphere  to  advance  constantly  from  its  poles  to  its  equator;  and  such  a 
movement  is  indicated  by  the  change  in  the  position  of  the  sun's  spots,  which,  accord- 
ing to  the  observations  of  Peters  for  many  years,  are  continually  diminishing  their 
heliocentric  latitude.  The  progressive  motion  of  the  solar  orb  through  space  tends 
also  to  replenish  its  atmosphere  with  fresh  material  for  the  maintenance  of  its  light; 
and  the  position  of  the  large  planets  has  some  influence  on  the  amount  of  aether  which 
it  receives  from  the  celestial  domain.  The  periodicity  observed  in  the  solar  spots, 
and  some  ohanges  exhibited  by  many  variable  stars,  may  be  ascribed  to  an  effect  of 
this  kind.  But  the  result  would  be  far  more  decided  if  a  sun  had  large  planets  in  its 
immediate  vicinity ;  for  the  attraction  of  these  bodies  would  alter  the  pressure  on  its 
aHhereal  atmosphere,  and  produce  a  corresponding  variation  in  the  development  of  its 
light  On  this  principle  we  may  explain  several  phenomena  connected  with  the  vari- 
able stars;  and!  may  remark,  that  Argelander  regards  many  of  their  peculiarities  as 
indicating,  that  planets  revolving  around  some  suns  affect  the  generation  of  light  in 
their  photospheres.  But  a  planet  revolving  in  an  orbit  of  the  smallest  slie  possible 
would  be  productive  of  more  remarkable  consequences.  Sweeping  through  the  sethe- 
real  atmosphere  of  the  great  central  sphere,  it  would  impart  a  sufficient  degree  of 
pressure  for  luciferous  action ;  and  exhibit,  on  a  grand  scale,  the  evolution  of  light 
which  accompanies  the  visits  of  meteoric  masses  to  the  earth.  From  the  great  bril- 
liancy of  meteors  which  move  in  a  horizontal  direction,  it  is  evident  that  a  satellite 
revolving  around  a  large  globe,  at  a  small  distance  above  its  surface,  should  be  favoured 
with  all  the  condition*  necessary  for  a  sublime  meteoric  illumination ;  and  it  is  pro- 
bable that  some  of  the  bright  tenants  of  space  may  shine  by  light  originating  from 
such  a  cause.  Indeed,  the  resistance  of  the  space-pervading  medium  must  constantly 
diminish  the  orbits  of  all  satellites,  and,  after  innumerable  years,  bring  them  into 
such  a  proximity  with  their  central  bodies  that  such  grand  meteoric  phenomena  would 
be  almost  inevitable.  If  space  contain  dark  systems  (aa  is  generally  believed),  the 
central  orb  which  presides  over  each  of  them  would  become  luminous,  when  one  of 
its  planets  was  passing  through  the  final  state  of  existence. 

In  a  paper  read  at  the  last  meeting  of  the  American  Association  for  the  Advance* 
ment  of  Science,  and  published  in  the  '  Proceedings'  (up.  Ill — 113),  1  have  shown 
that  the  stability  of  satellites  could  no  longer  exist  if  their  orbits  were  reduced  to  a 
certain  limit;  and  that  the  attraction  of  the  primary  body  would  render  them  inca- 
pable of  preserving  a  planetary  form.  In  like  manner,  a  member  of  one  of  the 
dark  systems  of  space,  when  brought  too  near  its  central  orb,  would  be  likewise 
doomed  to  suffer  a  dismemberment;  and  the  fragments  resulting  from  the  mighty 
wreck  would  immediately  scatter  into  separate  orbits.  Instead,  therefore,  of  closing 
iU  planetary  career  as  one  vast  meteor,  the  attendant  should  form  a  host  of  meteoric 
masses,  and  thus  send  forth  far  greater  floods  of  light  into  space.    But  the  frag- 
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ments,  gradually  assuming  circular  orbits,  would  ultimately  form  a  ring  similar 
to  that  around  Saturn ;  and  as  this  change  advanced,  the  light  should  constantly  de- 
cline until  it  ceased  when  the  sether  partook  of  the  motion  of  the  fragmentary  host, 
and  became  almost  insensible  to  their  pressure.  It  is  to  occurrences  of  this  kind, 
which  must  occasionally  take  place  in  the  wide  domains  of  creation,  that  we  may 
ascribe  the  appearance  of  temporary  stars,  and  in  doing  so,  we  obtain  a  satisfactory 
explanation  of  the  various  peculiarities  which  they  exhibit.  The  existence,  on  our 
own  sphere,  of  the  aHher  which  acts  so  important  a  part  in  the  scene  of  celestial  won- 
ders is  indicated  by  certain  electrical  phenomena.  On  its  presence  seems  to  depend 
the  evolution  of  light  attending  the  passage  of  electricity  through  the  vacuum  of  aa 
exhausted  receiver,  and  the  light  of  the  aurora  borealis  appears  to  be  evolved  by 
electric  action  from  the  eethercal  fluid,  which  arrives  at  the  polar  regions  from  space. 
It  is  only  by  this  hypothesis  that  we  can  account  for  the  effect  of  a  shooting-star 
during  an  aurora,  in  lighting  up  certain  parts  of  the  vaults  of  heaven  not  previously 
illuminated  (sec  Humboldt's  '  Cosmos'  on  Aerolites).  It  thus  appears  that  the  subtle 
medium  which  fills  space  is  not  to  be  regarded  as  a  mere  impediment  to  planetary  ' 
motion,  but  as  a  useful  agent  in  the  course  of  Nature's  operations,  and  aa  indispensable 
to  our  existence  as  the  appendages  of  air  and  water  which  roll  around  our  planet. 


CHEMISTRY. 
On  Ozone.    By  Professor  T.  Andrews. 


On  the  Heat  of  Combination  of  Acids  and  Bases.    By  Professor  Andrews. 

On  Hie  Amount  of  Nitrogen  in  the  Alga.  By  Professor  James  Apjohn,  MJ). 

On  some  Compounds  of  Cyanogen.    By  Professor  James  Apjohn,  MJ). 


On  the  Composition  of  the  Iron  Ores  of  the  Leitrim  Coal  Field,  with 
Remarks  on  the  Advantages  of  that  District  for  Hie  Manufacture  of  Iron, 

By  P.  Buchan.  

On  the  Condition  of  Thames  Water,  as  affected  by  London  Sewage. 
By  R.  Barnes,  M.D.  and  W.  Odling,  M.B.,  F.C.S. 
The  authors  had,  for  a  period  of  nearly  six  mouths,  made  consecutive  weekly 
examinations,  microscopical  and  chemical,  of  Thames  water,  taken  at  high  and  luv 
tide  from  the  middle  of  the  stream  at  Greenwich.  From  their  experiments  it  appeared 
that  the  pouring  in  of  the  contents  of  drains  did  not  affect  Thames  water  so  seriously 
as  was  generally  considered,  inasmuch  as  the  greater  part  of  the  sewage  become  de- 
stroyed by  the  innoxious  processes  of  oxidation  and  vital  development,  while  only  a 
small  portion  underwent  the  process  of  putrefaction,  properly  so  called.  The  amonr.t 
of  organic  matter  present  did  not  appear  to  be  any  criterion  of  the  ofTcnsivcncs  of 
the  water,  seeing  that  it  existed  for  the  most  part  in  the  state  of  living  organisms. 
The  authors  found  invariably  a  greater  amount  of  organic  matter  in  high,  than  ia 
low  water.  

On  Urea  as  a  Direct  Source  of  Nitrogen  to  Vegetation. 
By  Charles  A.  Cameron,  M.D. 
The  author  showed  that  nitrogen  was  as  available  as  food  for  plants,  when  a  con- 
stituent  for  urea,  as  in  its  ammoniacal  combination ;  or,  in  other  words,  that  urea, 
without  being  converted  into  ammonia,  may  be  taken  up  into  the  organisms  of  planb, 
and  there  supply  the  necessary  quantity  of  nitrogen.  He  described  the  experiment* 
which  led  him  to  this  conclusion,  which  were  very  elaborate,  and  were  made  on  barley 
plants  grown  in  non-nitrogenous  soils,  and  in  confined  spaces  supplied  with  air  freed 
from  ammonia.  The  following  conclusions  were  dtducible  from  the  results  of  bb 
experiments,  viz.— 1 .  That  the  perfect  development  of  barley  can  take  place,  under 
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certain  conditions,  in  soil  and  air  destitute  of  ammonia  and  its  compounds.  2.  That 
urea  in  solution  is  capable  of  being  taken  unchanged  into  the  organisms  of  plants. 
3.  That  urea  need  not  be  converted  into  ammonia  before  its  nitrogen  becomes  avail- 
able for  the  purposes  of  vegetation.  4.  That  the  fertilizing  effects  of  urea  are  not  at 
all  inferior  to  those  of  the  salts  of  ammonia.  5.  That  there  exists  no  necessity  for 
allowing  drainings  or  other  fertilising  substances  containing  urea  to  ferment ;  but  that, 
on  the  contrary,  greater  benefits  must  be  derived  from  their  application  in  the  recent 
or  unfermented  condition.  

On  a  Method  of  Refining  Sugar.    By  Professor  Daubeny,  M.D^  F.R.S. 

Dr.  Daubeny  gave  an  account  of  a  new  method  of  refining  sugar,  conducted  at 
Plymouth  by  Mr.  Oxland,  and  known  by  his  name.  It  consists  in  the  adoption  of  the 
superphosphate  of  alumina  in  conjunction  with  animal  charcoal,  as  a  substitute  for  the 
albumen  usually  employed  for  that  purpose.  In  both  cases  the  object  is  to  separate 
and  carry  down  the  various  impurities,  which  colour  and  adulterate  the  pure  saccha- 
rine principle,  present  in  the  syrup  expressed  from  the  cane  or  other  vegetable  which 
supplies  it.  As,  however,  bullocks'  blood  is  the  material  usually  procured  for  the  pur- 
poses of  supplying  the  albumen,  a  portion  of  nncoagulated  animal  matter,  together 
with  certain  salts,  is  left  in  the  juice  in  the  ordinary  process  of  refining,  which  impairs 
it*  purity,  and  promotes  its  fermentation — thus  occasioning  a  certain  loss  of  saccha- 
rine matter  to  result.  Nothing  of  the  kind  happens  when  the  superphosphate  is 
substituted,  and  so  much  more  perfect  a  purification  of  the  feculent  matters,  under 
such  circumstances,  takes  place,  that  several  varieties  of  native  sugar,  which,  from 
being  very  highly  charged  with  feculent  matters,  would  be  rejected  in  the  ordinary 
process  of  refining,  are  readily  purified  by  this  method.  The  employment  of  super- 
phosphate of  alumina  also  gets  rid  of  so  much  larger  a  proportion  of  the  impurities 
present  in  the  sugar,  that  much  less  animal  charcoal  is  subsequently  required  for 
effecting  its  complete  defecation,  than  when  bullocks'  blood  has  been  resorted  to. 
The  quantity  of  superphosphate  necessary  for  effecting  the  object  is,  for  ordinary 
sugars,  not  more  than  twelve  ounces  to  the  ton ;  whereas,  for  the  same  quantity,  as 
much  as  from  one  to  four  gallons  of  bullocks'  blood  is  found  to  be  required.  Dr. 
Daubeny  suggested  that  this  reagent  might  be  advantageously  resorted  to,  not  only 
in  the  purification  of  sugar,  but  also  in  other  processes  of  the  laboratory,  when  the 
removal  of  foreign  matters,  intimately  mixed  with  the  solution  of  n  definite  compound, 
becomes  a  necessary  preliminary  to  its  further  examination. 

On  the  Conversion  of  Paper  into  Parchment, 
By  Professor  Daubeny,  M.D.9  F.R.S. 

Dr.  Daubeny  exhibited  some  specimens  of  paper  that  had  been  converted  into  parch- 
ment. The  discovery,  he  believed, had  originated  in  the  experiments  made  in  connexion 
with  the  manufacture  of  gun-cotton,  as  it  was  accidentally  discovered,  when  dipping 
paper  into  nitric  acid,  that  the  same  effect  was  not  exercised  upon  it  as  upon  the  cotton, 
out  that  it  was  rendered  tough.  The  alteration  visible  in  the  conversion  of  common 
paper  into  parchment  after  being  dipped  into  weak  sulphuric  acid,  is  believed  to  be 
attributable  to  the  substitution  of  an  atom  of  water  for  an  atom  of  hydrogen. 

On  Hygrometers  and  Hygrometry,  with  a  description  of  a  New  Modification 
of  the  Condenser  Hygrometer  and  Hygroscope.  By  M.  Donovan, 
MJUjL.  

Suggestions  towards  a  more  Systematic  Nomenclature  for  Organic  Bodies. 
By  G.  C.  Foster,  B.A^  F.C.S. 

<  Claudication. — The  classification  on  which  the  author  proposes  to  base  a  systema- 
tic nomenclature  for  organic  compounds,  is  a  modification  of  that  employed  by  Ger- 
Hardt  in  his  '  Traite"  de  Chimie  Organ ique.'  It  consists  in  arranging  chemical  sub- 
stances in  a  number  of  groups  or  families,  the  individual  members  of  each  of  which 
nave  analogous  relations  to  each  other.  The  relations  existing  between  the  various 
groups  can  be  most  easily  explained  by  comparing  corresponding  terms  of  each.  For 
instance,  assuming  that  each  group  contains  a  hydrocarbon  analogous  to  olefiant  gas, 
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C*  H4,  all  these  hydrocarbons  may  be  represented  by  the  formula  *  (CH*),  or  by  the 
formula  *  (CH")— y  Ha,  x  and  y  being  whole  numbers.  The  substances  represented 
by  the  first  of  these  formulse  are  called  by  Gerhardt  homologouM ;  they  evidently  di&r 
in  composition  by  a  multiple  of  CH2.  Mr.  Foster  proposes  to  call  substances  tsoJesew, 
which,  like  the  hydrocarbons  represented  by  the  second  formula  («  being  commit, 
and  e  variable),  possess  similar  chemical  functions,  and  differ  in  composition  by  i 
multiple  of  H*.     In  the  following  Table, 
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the  formulae  in  each  vertical  column  represent  homologous  substances,  those  in  the 
same  horizontal  line  represent  uologou*  substances.  The  relations  which  exist  between 
the  hydrocarbons,  also  exist  between  the  other  corresponding  terms  of  the  varioui 
groups,  and  therefore  between  the  groups  themselves  taken  collectively.  £ach  group 
may  therefore  be  characterised  by  the  homologous  and  isologous  series  to  which  it 
belongs. 

In  attempting  to  enumerate  the  most  important  members  of  each  group,  it  will  lire 
timo  to  take  at  once  a  particular  iustance— for  example,  the  third  group  of  the  fint 
homologous  series,  namely  the  propylic  or  tritylio  group.     Here  we  have  the  three 
•  following  alcohols  :— 

1 .  Propylic  alcohol,  C8  H8  O  (monatomic). 

2.  Propylic  glycol,    C3  H8  O3  (diatomic). 

3.  Glycerine,  C*  H8  O*  (triatoroic). 

The  replacement  of  more  or  lesshydrogon  in  these  alcohols  by  equivalent  quantities 
of  oxygen,  gives  a  number  of  acids ;  those  derived  from  the  first  being  unibasic,  those 
from  the  second  bibasic,  those  from  the  third  terbasic  The  following  are  the  acids  so 
formed,  together  with  the  alcohols  from  which  they  are  formed :•— 

r?  H'  O  propyl,  ale.,  &  H«  O*  propion.  ac.,  C  H<  O"  pyruvic  ae..  0>  H> O*  (nnknowa)- . 
C*  H8  0>  propyl,  glyc,  C»  H«  0»  (unknown),  0»  H<  CH  nicotic  as.  /,  0»  H»  O*  ne.  oxalic  a*. 
C»  H«  0»  glycerine,       C»  H«  O*  (unknown),  C*  H*  0«  (unknown),  0»  H*  &  (unknown), 

The  alcohols  may  be  regarded  as  the  leading  members  of  each  group.  Around  each 
of  them  and  their  derived  acids,  various  chlorides,  anhydrides,  nitrides,  and  other 
bodies  of  which  these  are  typical,  are  to  be  placed. 

Nomenclature.— In  the  nomenclature  here  proposed,  the  root  of  the  name  of  soy 
substance  denotes  the  group  to  which  it  belongs,  the  termination,  Its  place  in  the  group, 
or  its  chemical  function.  The  root  is,  in  most  cases,  formed  by  the  combination  of  two 
Greek  numerals ;  the  first  denoting  the  homologous,  the  second  the  isologows  series  to 
which  the  substance  belongs*.  Thus,  allylic  alcohol,  C*  H*  O,  belongs  to  die  second 
homologous  and  to  the  third  isologous  series,  counting  from  above  downwards,  sod 
from  left  to  right  in  the  Table  of  hydrocarbons  giren  above;  it  therefore  belongs  to 
the  deulrilic  group.  Similarly,  angelic  acid,  C*  H*  0B,  belongs  to  the  dempeniic  group, 
that  is,  to  the  second  group  of  the  fifth  isologous  series,  or  to  the  fifth  group  of  the 
second. homologous  series. 

The  following  are  the  terminations  suggested  to  denote  some  of  the  best  defined 
chemical  functions  t— 

-yl  denotes  a  monatomic  radical :  Example— Tetrexyl  =C*  H*=phetiyi. 

-ene  denotes  a  diatomic  radical:  Example — Penteptene=(7H6=radicalofchIo- 
robenzoi  (Wicke,  Ann.  Ch.  Pharm.  cii.  358). 

-ise  denotes  a  triatomic  radical :  Example — TritisessC1  H'rrglyceryL 

-ylia  denotes  nitride  of  -yl :  Example — Tetrexylia  (or  tetrexia)t==Cf  H7  N=oitride 
of  tetrexyl. 

*  Only  so  much  of  each  numeral  is  used  as  is  necessary  to  characterise  it  distinctly,  and  for 
convenience  of  pronunciation.  In  the  case  of  bodies  of  the  first  homologous  series,  toe  names 
express  only  the  isologous  series  to  which  they  belong.  Thus,  the  names  of  the  methyl,  ethyl, 
propyl, ...  compounds  are  formed  from  the  roots  prot-,  deut;  trit-, ...  instead  of  from  svuprsf-, 
prodeut-)  protrit-,  ... 

t  The  syllable  yl  may  be  omitted  when  it  Is  followed  by  an  additional  I 
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-enia  denotes  nitride  ot  -ene :  Example — Deutenia=C2  H*  Nrrnitride  of  deutene 
(acetylamine,  Natanson  and  Cloez). 

-lata  denotes  nitride  of-ise:  Example — Deutisia;=CtH*N= nitride  of  deutise= 
acetonitrile. 

The  vowels  a,  e,  i,  &c.  before  a  functional  termination  denote  respectively  the 
replacement  of  Ha  by  O,  H4  by  Oa,  H«  bv  O8,  &c,  as  deutyl  Ca  H5,  deutaf  1  Ca  H8  O, 
deutene  C3  H4,  deuteene  Ca  Oa. 

The  acids  derived  from  the  hydrates  of  -yl,  -ene,  and  -ise,  respectively,  by  the 
replacement  of  Ha  by  O,  are  -ic  acid,  -eric  acid,  -isic  acid :  examples,  penteptic 
=C*  H*  Oa=benzoic,  pentepteric=C7  H*  08=8alicylic, 

The  acids  derived  from  the  alcohols  by  the  replacement  of  H4  by  Oa,  or  from  the 
last-mentioned  acids  by  the  replacement  of  Iia  by  O,  are  respectively,  -ai'c,  -erai'c, 
-isaic :  examples,  nona'ic  =  C9  H16  O8  =  cou marie,  noneraic  =  C9  Hli  O4  =  anchoi'c, 
tetreptisaic=C7  HeO*=gallic. 

The  acids  formed  by  the  replacement  of  He  by  O8,  are  -e'ic,  -ereic,  -isci'c: 
examples,  tritocteicsiC9  H8  0*=orsellic,  tritereYc=C8  HaO*=mesoxalic,  deutexiseic 
=CflIl*06=aconitic.  The  names  of  the  unibasic  acids  therefore  terminate  in  -ic, 
-aic,  -eic ;  those  of  the  bibasic  acids  in  -eric,  -eraic,  -ereic ;  and  those  of  the  terbasic 
acids  in  -isic,  -isaic,  -iseic.  Chlorine,  bromine,  and  iodine  substitution  products 
are  denoted  by  the  syllables  chlo-*,  bro-,  io-,  prefixed  to  the  names  of  the  hydrogen 
compound  from  which  they  are  derived;  as  chlodeutene=C2  Hs  CI,  brotetrexia= 
C°HeBrN=bromaniline.  Multiplication  is  in  all  cases  expressed  by  Latin  numerals: 
as  tcrchlodeutic  acid=Ca  HCi8  Oa=(/r*chloracetic),  biprotylia  (or  biprotiaJszrC8  H7« 
=dimethvlaraine. 

In  devising  these  names,  the  author  has  tried  to  avoid  using  expedients  which  are 
not  recommended  by  being  already  partially  in  use  amongst  chemists.  It  is  evident 
that  the  system  of  nomenclature  proposed  is  very  far  from  complete :  it  is  intended 
only  as  a  suggestion  of  the  way  in  which  a  more  complete  system  might  be  formed. 
The  author's  object  has  been  to  propose  rules  by  which  intelligible  names  may  be  given 
to  new  bodies,  not  to  improve  on  those  already  attached  to  known  substances. 


On  some  Arseniates  of  Ammonia.  By  Alphonse  Gages. 
After  mentioning  the  arseniates  of  ammonia  already  described  by  Berzelius  and  Mit- 
scherlich,  and  noticing  the  imperfect  description  given  in  books  about  the  processes 
for  preparing  the  Baits  of  ammonia  and  arsenic  acid,  and  the  doubtful  character  of 
their  constitution,  the  author  described  his  own  experiments,  which  verified  the 
constitution  of  the  salts  mentioned  by  Berzelius  and  Mitscherlich:  he  found,  how- 
ever, that  the  salt  containing  three  equivalents  of  ammonia  described  by  the  former, 
contains  seven  equivalents  of  hydrated  water.  He  described  three  new  double  salts, 
formed  by  arscniate  of  ammonia,  in  which  soda,  potash,  &c.  act  as  the  second  bases. 
He  also  exhibited  some  beautifully  crystallized  compounds  of  arsenic  acid,  with  mor- 
phia and  quinine,  which  may  probably  be  of  interest  as  therapeutical  agents. 


On  the  Specific  Gravity  of  Chloride  of  Nitrogen,  with  some  Remarks  upon 

its  Action  on  AlcohoL  By  Alphonse  Gages. 
The  author  gave  determinations  which  were  extremely  close  to  those  given  many 
years  ago  by  Sir  Humphry  Davy.  He  also  mentioned  the  fact  that  chloride  of  nitro- 
gen dissolves  in  absolute  alcohol  without  decomposition,  but  if  the  solution  be  allowed 
to  stand  for  a  few  hours  it  decomposes.  He  described  an  apparatus  for  introducing 
the  chloride  of  nitrogen  into  the  alcohol,  and  mentioned  the  character  of  the  reaction 
vhich  took  place.  ____ 

Chemical  Notes.    By  J.  H.  Gladstone,  Ph.D.,  F.R.S. 
1*  On  Explosive  PoUutmm. — Dr.  Gladstone  related  how  on  one  occasion  a  piece 
of  potassium  had  exploded  in  his  hands  with  much  flame,  noise,  and  violence.    On 
examining  the  specimen  afterwards,  he  found  that  it  contained  hard  pieces  which  con- 
futed of  the  compound  of  carbonic  oxide  and  potassium,  and  were  convertible  by 

*  Comp.  Daubeny,  Brit  Assoc,  Rept.,  1851,  p.  194. 
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water  into  rhodizonate  of  potash,  a  substance  known  to  be  explosive.     The  i 
contained  no  rhodizonate  ready  formed. 

2.  On  Froth, — Some  liquids  when  shaken  with  air  form  a  more  or  less  permanent 
froth.  Aqueous  solutions  of  organic  bodies  are  peculiarly  disposed  to  do  so.  The 
frothing  of  beer  is  due  originally  in  a  great  measure  to  the  carbonic  acid  that  rises 
through  the  liquid,  but  its  persistence  is  quite  independent  of  that  or  any  other  da- 
solved  gas,  a9  was  proved  by  exhausting  some  beer  by  an  air-pump,  and  afterward* 
shaking  it.  Acetates  are  much  given  to  making  a  permanent  froth  when  dissolved 
in  water,  whether  the  solution  contain  air  or  not ;  yet  acetic  acid  itself  is  not  remark- 
able for  this  quality,  and  alcohol  or  arther  forms  bubbles  when  shaken  which  instantly 
disappear.  The  power  of  producing  a  persistent  froth  appears  to  be  a  specific  quality 
not  depending  on  the  density  of  the  liquid  or  any  other  known  property.  The  colour 
of  froth  is  always  lighter  than  that  of  the  liquid  from  which  it  is  produced,  and  in 
some  cases  it  is  totally  different.  The  author  showed  that  this  was  due  to  the  diehro- 
matism  of  such  liquids ;  for  instance,  a  thin  stratum  of  cochineal  transmits  rays 
which  are  absorbed  by  a  larger  quantity  of  the  substance.  In  a  similar  manner  tie 
colourless  bubble  that  floats  on  port  wine  was  explained  by  a  prismatic  analysis. 

On  the  Decomposition  by  Heat  of  certain  Ammoniacal  Saks, 
By  J.  H.  Gladstone,  Ph.D.y  F.R.S. 

The  author  showed  that  the  decomposition  of  phosphate  and  sulphate  of  ammonia  by 
a  strong  heat  was  not  entirely  owing  to  the  non-volatility,  unless  at  a  very  high  tempera- 
ture, of  phosphoric  and  sulphuric  acids.  In  fact  these  salts  are  decomposed  partially 
when  their  solutions  are  boiled,  ammonia  being  given  off,  and  the  remaining  liquor 
becoming  acid.  In  like  manner  oxalate  of  ammonia  is  capable  of  decomposition,  and 
crystals  of  the  citrate  give  off  the  volatile  alkali  even  at  the  ordinary  temperature, 
acquiring  at  the  same  time  an  acid  reaction.  It  was  noticed  that  the  ammonia  salts 
of  the  monobasic  hydrochloric  and  nitric  acids  are  not  decomposable  by  water,  while 
the  compounds  of  the  bibasic,  oxalic,  and  sulphuric  acids  are  liable  to  partial  decom- 
position, and  those  of  the  tribasic,  phosphoric,  and  citric  acids  are  still  more  easily 
resolved  into  free  ammonia  and  acid  salts. 


On  the  Use  of  the  Prism  in  detecting  Impurities. 
By  J.  H.  Gladstone,  Ph.D.,  F.R.S. 

This  paper  described  the  novel  use  of  the  prism  in  detecting  impurities.  The  author 
described  the  methods  of  examining  substances  by  means  of  a  prism,  especially  the 
instructive  results  obtained  with  liquids  when  the  ray  of  light  traverses  them  in  a 
wedge-shaped  vessel.  He  suggested  this  as  a  means  of  detecting  coloured  impurities 
when  they  do  exist,  and  of  proving  their  absence  when  they  arc  wrongfully  suspected. 
He  showed  the  value  of  the  means  in  respect  to  coloured  confectionery,  tea,  and  mus- 
tard, and  remarked  on  its  use  in  examining  wines,  liqueurs,  pigments  used  in  the  fine 
arts,  gems,  pharmaceutical  preparations,  &c.  He  stated  that  the  prism  and  hollow 
wedge  were  already  used  as  a  commercial  means  of  ascertaining  the  purity  of  certain 
substances.  

On  Electrical  Currents  in  the  Earth's  Surface. 
By  Archibald  H.  Hamilton. 

In  the  spring  of  the  present  year,  the  author  had  occasion  to  try  a  series  of  experi- 
ments on  n  difficult  point,  namely,  the  nature  of  the  earth  as  a  conducting  body. 
Having  selected  six  convenient  stations,  represented  in  the  diagram,  he  buried  dif- 
ferent metallic  bodies  in  those  marked  A,  B,  C,  D,  and  wooden  boxes,  filled  with 
water,  in  which  metal  plates  were  to  be  plunged,  at  stations  No.  1  and  No.  2;  these 
stations  were  connected  by  wires  sufficiently  insulated  to  convey  currents  of  a  single 
cell,  without  sensible  loss  in  ordinary  weather. 

On  the  evening  of  April  20,  1857,  about  6-30  p.m.,  he  proceeded  to  make  some 
observations  with  a  small  galvanometer. '  He  first  connected  a  brass  plate  in  box  No.  1 
with  the  brasses  buried  at  A  and  B,  and  found  a  strong  deflection,  arising  as  it  were 
from  zinc  plates  at  A  and  B.  He  then  took  down  the  galvanometer  to  C,  and  con- 
nected by  its  wire  the  plates  buried  at  C  with  a  zinc  plate  plunged  in  No.  2,  sod 
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observed  that,  instead  of  a  current  flowing  from  the  fest  oxidable  metals  (Cu+^Sn) 
into  the  more  oxidable  (Zn),  there  was  a  strong  current  flowing  from  the  xinc  into  the 
copper  and  tin  plates  buried  at  C. 

This  unlooked-for  current,  by  stopping  the  source  of  his  motive  power  (for  there 
was  no  battery-power  to  be  used  in  these  experiments),  forcibly  diverted  his  attention 
from  the  original  experiments,  to  the  examination  of  this  new  and  curious  phenomenon* 
He  accordingly  endeavoured,  by  enlarging  the  number  of  the  stations,  &c,  and  espe- 
cially by  using  wooden  boxes  or  porous  earthen  vessels  buried  in  the  ground  and  open 
at  the  top,  and  plates  of  the  same  metal,  numbered  for  identification,  and  interchanged 
as  frequently  as  possible,  to  obtain  some  rudiments  of  laws  for  these  curious  currents. 
Owing  to  the  difficulties  of  the  experiments,  and  the  incompleteness  of  the  apparatus, 
the  following  results  are  presented  merely  as  agreeing  with  the  general  tenor  of  the 
observations,  and  affording  a  basis  for  laws  to  be  deduced  from  more  extended  and 
accurate  experiments. 

1.  There  will  be,  almost  always,  a  current  flowing  along  an  insulated  wire,  joining 
two  plates  of  the  same  metal,  similarly  buried  in  the  surface  of  the  earth. 

2.  The  direction  and  strength  of  mis  current  depend  upon  the  time  of  the  day,  the 
season,  the  year,  &c,  and  seem  to  be  functions  of  the  azimuth  of  the  straight  line 
joining  the  centres  of  the  buried  plates. 

3.  The  strength  of  the  current  seems  also  to  be  a  function  of  the  length  of  this 
straight  line. 

4.  There  will  generally  be  at  least  one  neutral  line  in  which  buried  plates  will  be 
inactive;  this  line  the  author  thinks  the  magnetic  meridian  of  the  place  will  be  found 
to  be. 

5.  As  to  the  sign  of  the  current  along  the  wire,  the  author  is  quite  at  a  loss  to 
account  for  its  very  curious  changes  from  one  time  to  another ;  nor,  knowing  its  sign 
at  any  one  moment  in  the  wire,  can  he  say  what  is  most  likely  to  be  its  sign  at  that 
moment  in  the  earth,  not  having  been  able  to  complete  a  series  of  chemical  experi- 
ments begun  for  that  purpose. 

Duntink  Garden.    Scale  ttv-    Slope  to  Southward  about  4°. 
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Metals  buried  at  A,  B,  C,D;  April  20,  1857. 

Brass  at  A  and  B. 
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Tin  at  D. 
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On  some  Modified  Results  attending  the  Decomposition  ofBihtt*t*toU  Cut* 
by  Heat.    By  Dr.  A.  A.  Hayes,  United  States. 

When  bituminous  coal  is  exposed  in  proper  vessels  to  a  gradually  increasing  tem- 
perature, at  a  certain  point  decomposition  commences  and  continues,  while  heavy 
hydrocarbon  vapours,  mixed  with  the  vapours  of  water  and  salts  of  ammonia,  escape, 
and  may  be  condensed. 

The  proportion  of  permanent  gases  formed  is  small  in  comparison  with  the  weight 
of  the  liquids  produced,  when  the  decomposition  of  the  coal  is  carefully  regulated. 

In  the  ordinary  rapid  breaking  up  of  the  composition  of  coal  by  heat  suddenly 
applied  in  the  manufacture  of  illuminating  gas,  the  proportion  of  permanent  gases  is 
increased,  but  the  heavy  fluid  hydrocarbons  are  also  formed.  This  mode  of  decom- 
position is  evidently  a  mixed  one,  partaking  of  the  characters  of  a  regulated  distilla- 
tion, while  at  the  same  moment  a  more  complete  destruction  of  the  coal  is  proceeding 
in  some  parts  of  the  mass. 

A  further  decomposition  of  the  fluid  products,  condensed  from  either  or  both  of 
these  modes  of  operating,  takes  place  when  we  again  subject  them  to  the  influence  of 
heat ;  and  this  well-known  fact  is  the  basis  on  which  improvements  in  the  manufac- 
ture of  illuminating  gas  have  been  founded, — a  secondary  destruction  of  vapours  being 
effected  in  appropriate  apparatus,  heated  to  a  high  temperature. 

This  character,  which  all  the  bituminous  coals  exhibit,  of  passing  into  carbon  nearly 
free  from  vapours  only  when  heavy  fluid  hydrocarbons  are  also  formed,  hat,  in  ache- 
micaWiew,  been  the  strongest  fact  adduced  in  opposition  to  the  generally  received 
opinion  that  the  anthracites  and  semi-anthracites  have  resulted  from  chemical  changes 
of  bituminous  coal,  through  the  agency  of  the  heat  of  igneous  rocks  which  have  dis- 
turbed their  beds.  The  neavy  hydrocarbons,  represented  by  ordinary  coal-tar,  are 
the  most  indestructible  bodies  known  j  and  wherever  anthracites  exist,  we  should 
expect  to  find  near  those  products  of  the  chemical  changes  effected  in  the  cosL 
Such  is  the  delicacy  of  the  balance  existing  between  the  elements  of  the  heavy  hydro- 
carbons, that  no  second  distillation  of  them  can  be  effected ;  they  always  undergo 
decomposition  by  heat,  with  the  separation  of  carbon,  which,  under  any  known  natu- 
ral conditions,  would  remain  to  attest  their  previous  presence. 

Considerations  of  this  kind  have  led  me  to  experiment  on  the  changes  which  cosh 
undergo  by  heat,  where  the  influencing  conditions  were  not  the  same  as  those  usually 
seen ;  and  the  results  of  extended  trials  demonstrate  that  the  bituminous  coals  may 
be  broken  up  into  permanent  gases,  vapours  of  water,  and  ammoniacal  salts,  while 
carbon  remains  as  a  fixed  product. 

If  we  substitute,  for  the  ordinary  forms  of  apparatus  used  in  decomposing  coal  by 
heat  suddenly  applied,  any  modification  of  form  which  compels  the  gas,  as  it  forms, 
to  escape  from  the  more  highly  heated  part  of  the  mass  of  coal,  through  a  small  open- 
ing, or,  better,  a  small  eduction-pipe,  the  heavy  hydrocarbons  do  not  form  part  of  the 
products  which  escape.  Generally  the  light,  nearly  colourless  oils  of  the  benzole 
series  appear  with  the  aqueous  solutions  of  the  ammoniacal  salts,  while  only  an  acci- 
dental quantity  of  carbon  is  deposited  in  the  eduction -pipe.  The  carbon  left  is  more 
than  usually  compact  and  hard ;  and  such  coals  as  ordinarily  produce  much  water, 
when  they  form  heavy  hydrocarbons,  afford  less  than  half  the  usual  amount,  when 
thus  decomposed,  under  the  influence  of  the  constant  presence  of  an  atmosphere  of 
permanent  gases. 

In  following  the  observations  at  the  earlier  stage,  it  was  found  that  the  sixe  of  the 
eduction-tube  leading  the  gas  from  the  hotter  part  of  the  mass  of  coal  undergoing 
changes,  exerted  a  most  marked  effect  on  the  composition  of  the  products.  It  was 
established  as  a  fact,  that  in  an  ordinary  coal-gas  retort,  the  size  of  the  conduit  might 
be  varied  so  as  to  allow  the  tar-like  bodies  to  form,  or  to  prevent  their  appearance  at 
pleasure. 

But  a  more  remarkable  result  was  obtained,  when,  after  having  prevented  the  pro- 
duction of  heavy  hydrocarbon  fluids,  the  influence  of  reduced  size  of  tube  was  studied 
in  its  relation  to  the  composition  of  the  gas  afforded  by  a  particular  kind  of  coal.  To 
a  certain  extent,  the  chemical  constitution  of  the  gaa  formed  was  found  to  be  under 
control,  and  the  conclusion  reached  was,  that  dissimilar  permanent  gases  may  be  thus 
obtained  from  the  same  parcel  of  coal  without  a  modification  of  temperature. 

Any  explanation  of  the  change  of  composition  induced  in  the  volatile  jarts  of 
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bituminous  Coals  Under  the  above-described  conditions  should  not  include  mechanical 
pressure,  which  is  no  greater  than  often  exists  in  ordinary  cases. 

It  seems  probable  that  the  presence  of  an  atmosphere  of  nearly  permanent  gases  in 
the  decomposing  vessel,  and  the  regular  continuous  flow  of  them  from  the  coal,  pre* 
vent  the  formation  of  heavy  vapours  at  the  instant  of  change  in  the  coal.  In  support 
of  this  point,  we  find  the  temperature  necessary  to  convert  coal  into  gas  without  the 
presence  of  heavy  hydrocarbons  much  less  high  than  when  they  are  produced. 

We  may  therefore  observe  the  decomposition  of  coal  without  the  simultaneous 
formation  of  tar,  and  beds  of  coal  may  be  converted  under  existing  natural  conditions 
to  anthracite  without  secondary  products  being  formed. 

On  a  new  MetJiod  of  administering  Chloroform. 
By  M.  le  Baron  Heurteloup.  {Communicated  by  M.  l'AbbJs  Moigmo.) 
This  method  consists  in  projecting  the  chloroform  by  means  of  a  simple  apparatus 
Composed  of  a  small  pair  of  bellows,  to  which  is  adjusted  a  sort  of  glass  syringe.  The 
latter  is  a  small  hollow  glass  tube  having  a  cork  at  each  end ;  at  the  further  extremity 
ia  fixed  a  metallic  tube  of  a  conical  shape  terminating  in  a  point,  through  the  other 
cork  passes  another  metallic  tube  communicating  with  the  bellows  by  means  of  an 
india-rubber  tube.  A  given  quantity  of  chloroform  is  introduced  into  the  syringe  on 
a  piece  of  gauze ;  a  slight  movement  of  the  bellows  drives  out  the  chloroform  against 
the  mouth  and  nose  of  the  patient.  In  this  manner  the  author  can  regulate  the  in- 
itiation of  the  chloroform,  and,  moreover,  the  persons  present  are  not  so  much  affected 
by  its  vapours  as  when  it  is  administered  in  the  ordinary  manner. 

On  illuminating  Peat  Gas.  By  R.  L.  Johnson. 
The  author  stated  that  it  is  now  nearly  half  a  century  since  a  Parliamentary  Com- 
mittee appointed  by  Government  to  report  on  Irish  peat  named  the  town  of  Sligo  and 
the  Hill  of  Howth  08  the  extreme  points  of  a  straight  line,  and  Gal  way  and  Wicklow 
Head  as  the  extreme  points  of  another  straight  line,  between  which  two  right  lines  lav 
the  six-sevenths  of  all  the  peat  in  Ireland,  the  remaining  one-seventh  being  distri- 
buted throughout  localities  on  either  side  of  fhese  lines.  Having  named  the  different 
localities  where  peat  is  distributed,  the  total  quantity  of  which  in  superficial  acres 
appears  to  be  three  millions,  Mr.  Johnson  entered  into  a  detailed  description  of  the 
mode  by  which  he  obtained  illuminating  gas  from  common  peat  or  turf,  which  he  pro- 
duced by  the  double  decomposition  of  the  constituents  of  the  peat.  He  stated  that 
works  for  the  production  of  the  gas  have  been  recently  erected  and  are  in  actual  opera- 
tion in  two  places  in  Ireland.  In  the  Queen's  County  and  County  Westmeath,  the 
gas  produced  was  good,  and  its  cost,  as  stated  to  him  by  a  gentleman  who  was  using 
it,  less  than  2*.  the  thousand  cubic  feet.  He  stated  that  from  one  single  pound  weight 
of  common  peat  an  hour's  light  may  be  produced,  that  its  cost  being  so  very  small 
it  shonld  ultimately  be  extensively  used  throughout  Ireland,  and  that  in  all  peat 
countries  also  in  its  production  there  was  a  residual  of  charcoal  equal  to  one-third  of 
the  peat  employed.  -^—^-^. 

Notice  of  Researches  on  the  Assimilation  of  Nitrogen  by  Plants. 
By  Messrs.  Lawks,  Gilbert,  and  Pugh. 

Whether  or  not  plants  can  assimilate  the  free  nitrogen  of  the  atmosphere,  is  in  a 
purely  scientific  point  at  view,  a  question  of  high  interest ;  and,  if  answered  in  the 
affirmative,  will  add  a  striking  fact  to  the  history  both  of  nitrogen  itself,  and  of  the 
vegetative  functions.  A  true  theory  of  many  agricultural  facts  and  practices  requires 
a  definitive  solution  of  this  debated  point.  The  earlier  writers  supposed  that  the  free 
nitrogen  of  the  air  could  be  taken  up  by  plants.  De  Saussure  and  others  came  to  an 
opposite  conclusion ;  and  this  latter  view  has  been  pretty  generally  adopted  by  scientific 
observers.  M.  Boussingault  in  particular,  adduced  experimental  evidence  to  show, 
that  plants  do  not  assimilate  the  free  nitrogen  of  the  air.  But,  during  the  last  few 
years,  an  extensive  and  elaborate  series  of  investigations  has  been  made  by  Mons.  O. 
Ville  of  Paris,  the  results  of  which  led  him  to  conclude,  that  plants  sometimes  assimi- 
late a  considerable  amount  of  free  nitrogen.  M.  Boussingault  has  followed  up  the 
Inquiry  in  various  ways,  and  still  maintains  the  opposite  opinion.    It  is  hence  highly 
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desirable  that  others  should  undertake  the  subject ;  and  it  was  the  plan  adopted  \rf 
the  authors  to  this  end,  and  the  indications  so  far  obtained,  that  they  now  brought 
before  the  Section.  They  described  the  several  methods  adopted  by  M.  Bousrin- 
gault  and  M.  Ville  respectively,  and  then  illustrated  by  drawings  their  own  method* 
and  progress.  In  all  cases  their  plants  grew,  in  the  nrst  instance,  in  soil  and  atmo- 
sphere destitute  of  all  combined  nitrogen,  except  that  contained  in  the  seed  sown*  To 
some,  however,  as  their  growth  seemed  to  indicate  the  need,  for  the  sake  of  compa- 
rison, small  and  known  quantities  of  ammonia  (as  sulphate),  were  supplied.  Driv- 
ings of  the  progress  of  the  plants  showed  a  very  considerable  increase  of  growth  where 
tins  ammoniacal  supply  was  given.  In  some  of  these  cases,  the  plants  promised  to 
yield  seed,  and  their  height  and  general  development  was  pretty  natural.  In  other 
instances,  where  only  the  combined  nitrogen  of  the  seed  sown,  and  the  free  nitrogen 
of  the  air,  were  available,  the  plants  remained  exceedingly  small,  and  withered  before 
coming  to  perfection.  The  quantitative  result  could  not,  however,  be  known,  until 
the  growing  plants,  the  soil,  and  the  pots  in  which  they  grew,  were  analysed ;  when 
the  debtor  and  creditor  account,  so  to  speak,  of  the  nitrogen,  could  be  made  op.  Col- 
lateral researches  were  briefly  described,  the  object  of  which  was,  to  throw  light  on 
the  relation  of  the  gases  evolved  during  the  growth  of  plants,  to  constituents  actually 
assimilated ;  and  also  others,  to  show  whether  free  nitrogen  was  a  product  of  the 
decomposition  of  organic  matters  under  certain  circumstances. 

On  the  Chemical  Composition  of  an  ancient  Iron  Slag  found  at  Lochgoilkead, 
Argyleshire.  By  John  J.  J.  Kyle,  Assistant  in  Chemistry,  Surgeau 
Hall,  Edinburgh.  (Communicated  by  Dr.  Stevenson  Macadam, 
F.R.S.E.) 

This  paper  had  reference  to  a  discovery  made  by  the  author,  during  the  autumn  of 
1856,  of  a  quantity  of  iron  scoria  or  furnace  slag,  as  also  portions  of  charcoal,  and 
other  remains  indicative  of  the  existence,  at  some  remote  period,  of  an  ancient  iron 
work  or  "  Bloomery"  on  the  shores  of  Loch  Goil  in  Argyleshire.  The  slag  referred 
to,  which  the  author  has  subjected  to  analysis,  yielded  him  the  following  results  :— 

Silicic  acid      » 2960 

Alumina 5*60 

Lime 2-80 

Magnesia •    .    .     •      3*72 

Protoxide  of  iron 56*52 

Sulphide  of  calcium 1*00 

Loss,  with  traces  of  manganese  and  phosphoric  acid    .    .      0-76 

10000 
Referring  to  the  large  amount  of  protoxide  of  iron  entering  into  the  composition 
of  the  slag,  the  author  stated  his  belief  that  the  process  of  manufacture  adopted  in 
this  bloomery  was  in  all  probability  that  kuown  as  the  direct  or  Catalan  process,  in 
which  the  ore  is  reduced  by  the  action  of  the  fuel,  without  the  intervention  of  any 
flux,  and  giving  rise  to  the  formation  of  a  silicate  of  iron,  which  from  its  great  fusi- 
bility would  readily  admit  of  being  run  off  at  a  comparatively  low  temperature.  It 
having  been  long  remarked  that  ancient  scoria?  found  on  elevated  positions  almost  in- 
variably contained  a  large  proportion  of  iron,  whilst  those  found  on  less  exalted  dis- 
tricts had  but  little  of  that  metal  in  their  composition,  it  had  hence  been  inferred  that 
the  former  indicated  the  more  ancient  seats  of  the  iron  manufacture,  as,  prior  to  the 
introduction  of  bellows  as  a  means  of  forcing  air  into  the  burning  fuel,  open  and  ex- 
posed situations  would  be  best  adapted  for  furnace  operations,  seeing  that  the  natural 
currents  of  air  could  have  more  ready  access  to  the  combustible  than  in  sheltered 
localities ;  although  even  by  the  adoption  of  this  expedient,  the  operators  of  these  early 
times  would  be  unable  to  command  a  temperature  sufficiently  intense  to  enable  them 
to  employ  a  flux  such  as  lime,  with  the  view  of  removing  the  silicic  acid  of  the  ore, 
owing  to  the  difficultly  fusible  nature  of  the  calcareous  silicate  thus  formed.  From 
the  preceding  considerations  the  author  drew  the  inference  that  the  Loch  Goil  bloomery 
was  one  of  the  most  ancient  in  the  kingdom,  remarking  that  in  this  view  he  was  borne 
out  by  the  nature  of  the  position  where  the  remains  were  discovered,  it  being  one 
which,  although  at  no  great  elevation,  was  yet  freely  exposed  to  the  sudden  and  bigh 
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winds  almost  constantly  sweeping  through  the  glen.  In  conclusion,  l»e  stated  that 
he  had  as  yet  been  unable  to  prove  the  existence  of  nny  natural  deposits  of  iron  ore 
in  the  vicinity  of  Loch  Goil,  but  intended  to  examine  the  locality  more  fully  on  au 
early  occasion.  - 

Oft  the  Purification  of  Large  Towns  by  means  of  Dry  Cloaca. 
By  Dr.  Lloyd. 

On  the  Atomic  Weight  of  Aluminium. 
By  Professor  J.  W.  Mallet,  University  of  Alabama,  United  States. 

Some  experiments  were  described  by  the  author  which  he  had  made  upon  metallic 
aluminium  prepared  in  Paris  and  in  Berlin.  The  composition  of  the  commercial  metal 
was  found  to  be — 

Paris.  Berlin. 

Aluminium 92*969  96*253 

Iron 4-882  3*293 

Silicon 2*149  454 

Sodium trace  trace 

Titanium trace? 

100  100 

Dissolving  the  metal  in  dilute  muriatic  acid,  precipitating  with  ammonia,  weighing 
the  precipitate,  and  calculating  from  the  results,  and  from  the  above  composition  of 
the  crude  metal,  the  weight  of  pure  alumina  yielded  by  a  given  weight  of  pure  alumi- 
nium was  found,  and  hence  the  equivalent  of  the  element.  The  number  deduced 
from  one  experiment,  out  of  four  made,  differed  so  seriously  from  that  given  by  the 
other  three,  that  the  investigation  must  be  looked  upon  as  still  quite  incomplete.  The 
apparent  cause  of  the  discrepancy  was  pointedout ;  namely,  the  retention  by  alumina 
of  a  small  amount  of  water  at  even  a  very  high  temperature.  The  importance  of  a 
speedy  revision  of  the  atomic  weight  of  aluminium  was  insisted  upon,  the  method  by 
which  the  number  now  admitted  was  obtained  being  noticed  as  ill-suited  to  give  an 
accurate  result.  ___ 

On  the  Melting-points  of  Bodies.    By  Dr.  Mi  all. 

Notices  of  Photography.    By  M.  l'Abbe  Moigno. 

The  Abb  A  Moigno  presented,  in  the  name  of  M.  Bertsch,  '  Microscopic  Photo- 
graphs;' in  the  name  of  Mr.  Bingham,  '  Improved  Photographic  Copies  of  Oil  Paint- 
ings ;'  and  in  the  name  of  M.  Niepce  de  St.  Victor,  '  A  perfectly  New  Method  of  exhi- 
biting, by  means  of  Photography,  the  Phosphorescence  and  Fluorescence  of  Bodies.' 

There  are  two  methods  of  rendering  evident  this  new  action  of  light  upon  bodies 
submitted  to  its  influence.  The  first  consists  in  the  exposure  to  light  of  an  engraving 
which  has  been  kept  in  a  dark  place,  and  which  after  exposure  is  placed  upon  a  sheet 
of  photographic  paper.  After  twenty-four  hours'  contact  the  engraving  leaves  its 
image  upon  the  latter,  the  black  parts  of  the  drawing  making  a  white  expression 
on  a  dark  ground.  In  this  experiment  the  engraving  may  be  replaced  by  any 
other  body :  wood,  paper,  ivory,  porcelain,  6Vc,  all  act  more  or  less  in  the  same 
manner.  If  the  interior  of  an  opake  metallic  tube  closed  at  one  end  and  lined  with 
paper  or  card-board,  be  exposed  to  the  sun  for  about  an  hour,  and  then  taken  into  a 
dark  room,  it  leaves  the  impression  of  its  circular  orifice  on  photographic  paper ;  and 
if  after  exposure  its  extremity  be  closed  and  sealed  up,  the  interior  will  preserve  its 
radiating  power  for  a  considerable  length  of  time,  and  will  act  on  photographic  paper 
on  being  opened. 

A  drawing  made  upon  paper  with  fluorescent  or  phosphorescent  substances,  such 
as  sulphate  of  quinine,  &c,  and  exposed  to  the  sun,  prints  itself  on  photographic 
paper  in  the  dark,  far  better  than  those  parts  of  the  paper  which  the  salt  has  not 
touched.  A  plate  of  either  ordinary  glass,  or  of  glass  coloured  by  oxide  of  uranium, 
when  placed  between  the  drawing  which  has  been  exposed  to  light  and  the  photo- 
graphic paper,  prevents  the  impression  taking  place.    If  the  drawing  in  sulphate  of 
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quinine  has  not  been  exposed  to  light,  it  produces  no  effect  on  the  photographic  psnsr. 
Other  substances  act  as  sulphate  of  quinine. 

The  second  method  of  rendering  palpable  this  peculiar  action  of  light  is  as  follows:— 
"  I  take,"  says  M.  Niepce,  "  a  sheet  of  paper  which  has  been  kept  for  some  time  in 
complete  darkness;  I  cover  it  with  a  photographic  print  taken  either  on  glass  or  paper, 
and  I  expose  them  to  the  rays  of  the  sun,  after  which  I  immediately  carry  my  sheet 
back  into  a  dark  room.  Taking  off  my  photographic  print,  I  plunge  my  sheet  of 
paper  into  a  solution  of  nitrate  of  silver ;  in  a  very  short  space  of  time  the  image  of 
the  print  appears  upon  it.  It  is  only  necessary  to  wash  the  sheet  in  water  to  fix 
permanently  the  impression  thus  obtained.  To  obtain  a  more  perfect  impression, 
and  one,  moreover,  produced  in  a  still  shorter  space  of  time,  it  is  necessary  that  the 
sheet  of  paper  be  previously  impregnated  with  one  of  those  substances  which  possess, 
to  a  great  degree,  the  faculty  of  absorbing  light.  The  most  efficacious  is  perhaps  s 
solution  of  nitrate  of  urane  or  tartaric  acid.  The  image  obtained  by  the  medium  of 
these  substances  is  of  a  chestnut  colour.  To  render  it  black,  it  may  be  treated  with 
chloride  of  gold.  The  prints  thus  obtained  are  positives ;  they  resist  the  destructive 
action  of  boiling  cyauide  of  potassium,  ammonia,  &c. ;  aqua  regia  alone  destroys  them. 
A  slight  degree  of  heat  accelerates  the  above  phenomena." 

The  author  has  experimented  with  a  great  number  of  absorbing  substances  and 
with  very  varied  effects.     He  is  still  occupied  with  these  interesting  researches. 

On  Three  New  Electrotype  Processes.  By  M.  lvAbb&  Moigko. 
The  first  of  these  improved  processes  consisted  in  the  employment  of  platina  wires 
instead  of  copper,  and  of  making  a  skeleton  figure  resembling  roughly  the  outline  of 
the  cast  sought  to  be  obtained,  by  means  of  which,  according  to  M.  Lenoir's  process, 
busts,  statues  and  groups  can  be  produced  in  full  relief  by  a  single  operation.  Ife 
second  of  these  consisted  in  M.  Oudry's  process  for  galvauising  or  coppering  iron  sad 
east  iron  to  any  thickness  required  without  the  cyanide  bath,  with  remarks  upon  its 
employment  in  commerce  and  in  the  navy.  The  process  was  not  fully  communicated, 
as  it  is  commercially  desirable  to  keep  it  a  secret ;  but  sufficient  was  communicated  to 
show  that  the  cyanide  bath,  which  is  not  only  expensive  but  dangerous,  can  be  dis- 
pensed with,  and  the  present  system,  according. to  which  there  was  a  great  waste  of 
material,  avoided,  although  the  substance  that  was  placed  upon  the  iron  to  induce  the 
deposit  of  the  copper  was  not  stated.  The  process  essentially  consists  in  depositing 
by  electricity,  copper  in  a  pure  state,  to  any  thickness,  upon  articles  of  cast,  wrought, 
or  rolled  iron,  zinc  and  other  metals,  and  alloys  of  metals,  after  being  coated  with  one 
or  several  coats  of  a  composition  in  a  liquid  or  semi-liquid  state,  serving  as  an  isolating 
and  metallizing  medium.  The  author  claims  also  as  his  invention  the  application  to 
metallic  articles,  compositions,  paints  or  varnishes  of  any  kind  to  act  as  protective 
intermediates,  before  depositing  on  them  the  required  thickness  of  copper,  by  mesas 
of  (he  galvanic  battery.  The  last  branch  of  the  paper  treated  of  Messrs.  Christofe 
and  Bouillet's  process  for  strengthening  electrotypes,  the  principle  of  which  was  to 
leave  an  opening  in  the  back  of  the  thin  electrotype  obtained  by  precipitating,  sod 
to  put  into  it  various  little  pieces  of  brass,  which,  on  being  melted  with  an  oxy- 
hydrogen  blast,  became  diffused  all  over  the  interior  surface  of  the  copper  without 
injuring  it  in  any  way,  and  thereby  imparted  to  it  the  strength  of  cast  iron. 

On  the  Choice  of  Perennial  rather  than  Annual  Fertilisers. 
By  Sir  James  Murray,  M.D. 
The  author  referred  in  the  first  place  to  the  writings  of  Mr.  S.  Ferguson,  in  ths 
'Evening  Mail,'  relative  to  the  soluble  Diphosphate  of  lime,  first  applied  to  land  near 
Belfast  forty  years  ago.  One  of  these  mere  trials,  with  vitriolized  bones,  yielded 
luxuriant  crops  in  June  1808.  Long-continued  experiments  having  now  convinced 
htm  that  the  soluble  bi phosphates  were  in  fact  too  soluble,  he  had  turned  his  attention 
to  some  eombination  in  which  the  principal  qualities  of  the  manure  might  be  conso- 
lidated, for  liberation,  little  by  little,  as  required  by  the  state  of  the  crops.  He  laid 
before  the  meeting  some  of  the  double  phosphate  of  ammonia  and  magnesia,  artificially 
prepared  as  a  fertilizer,  which  will  remain  nearly  insoluble,  in  tanks  or  on  lands)  sad 
yet  by  a  light  sprinkling  of  muriatic  acid  or  common  salt  mixed  w}&  light  dusj,  to 
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water,  or  sewage,  will  assume  a  condition  favourable  for  the  yomfrctyl&it£k$l  SIT 

wliat  they  require.  V^        °^        .  \ 

On  Coloured  Confectionary.  By  Dr.  M^AMA^^XjpQ^^V; 
The  author  drew  the  attention  of  the  Section  to  the  large  quantity  of  higM^etawai*-. 
colouring  matters  employed  in  the  manufacture  of  confectionary.  He  referred  to  cases 
of  deaths  resulting  from  this  practice.  He  alluded  to  the  manner  in  which  these  sub- 
stances might  be  coloured  bv  vegetable  colouring  materials  of  a  harmless  nature,  and 
suggested  that  a  list  of  such  colours  should  be  compiled  by  parties  competent  to  the 
task,  from  which  alone  confectioners  should  be  permitted  to  select  their  colours.  He 
gave  a  sketch  of  such  a  list,  and  exhibited  some  beautifully  coloured  confectionary,  in 
which  Buch  colouring  matter  had  been  employed.  These  confections  he  had  for  some 
time  in  his  possession,  and  their  colours  did  not  appear  to  have  faded.  In  conclusion, 
lie  cautioned  the  public  against  buying  any  confectionary  in  which  green  or  blue 
colours  exist,  as  such  colours  are  probably  produced  by  poisonous  agencies. 

On  the  Effects  of  Alum  in  Pamfication.  By  W.  Odling,  M.B.f  F.C.S. 
The  author  maintained  that  during  the  process  of  making  fermented  bread,  in 
addition  to  the  fermentation  of  some  of  the  sugar  of  the  wheat  into  alcohol  and  ear- 
bonio  acid,  another  species  of  fermentation  or  change  most  frequently  took  place,  which 
consisted  in  a  transformation  of  the  starch  into  dextrine  or  sugar,  and  occurred  to  the 
greatest  extent  in  flour  that  had  undergone  a  damp  harvesting,  in  some  cases  even  to 
such  an  extent  as  to  prevent  altogether  the  production  of  a  presentable  loaf,  save  by  the 
use  of  alum  or  some  such  agent.  It  appeared  that  alum  exerted  very  little  effeot  upon 
the  necessary  fermentation  of  the  sugar  into  carbonic  acid  and  alcohol,  but  that  it 
impeded  very  greatly,  or  altogether  prevented,  the  conversion  of  the  starch  into  sugar* 
1 1  was  found  that  dough  having  of  itself  a  tendency  to  undergo  this  saccharine  change, 
or  having  the  tendency  induced  by  means  of  an  infusiou  of  malt,  yielded  loaves  that 
were  dark-coloured,  sodden,  sticky,  sweet,  and  uneatable;  while  the  same  dough,  with 
the  addition  of  alum,  yielded  loaves  that  were  white,  dry,  crumbly,  and  unobjection- 
able both  as  to  taste  and  appearance. 

■  i ii i « 

On  the  Presence  of  Copptr  in  the  Tissues  of  Plants  and  Animals. 
By  W.  Odmng,  M.B.,  F.C.S. ;  and  A.  Dupr*,  Ph.D. 

The  authors  had  made  more  than  100  examinations  by  a  great  variety  of  processes, 
and  had  recognized  the  presence  of  copper  in  nearly  every  instance.  In  several 
specimens  of  wheat-grain  and  animal  tissue  the  copper  had  been  estimated.  From 
100  grains  of  wheat-ash,  the  authors  had  obtained  '023  grain,  and  from  an  entire 
sheep's  liver,  *515  grain,  of  oxide  of  copper.  The  process  used,  was  to  precipitate 
the  copper  eletrolytically  on  a  platinum  wire,  to  dissolve  the  deposit  in  nitric  acid, 
and  to  ignite  the  residue  of  the  evaporated  solution. 

On  a  new  Method  of  forming  Ammonio- Iodides  of  Metals* 
By  the  Rev.  J,  B.  Reade,  M.A.,  F.R.S. 

It  is  only  within  the  last  few  years  that  the  attention  of  chemists  has  been  directed 
to  compounds  of  metals  with  iodine  and  ammonia.  The  5th  edition  of  Brande's 
*  Chemistry,1  published  in  1841,  is  silent  on  the  subject.  At  the  Oxford  Meeting  of 
the  British  Association  in  1847,  Mr.  Reade  exhibited  the  ammonio-iodide  and  per- 
iodide  of  gold,  and  he  has  since  experimented  with  other  metals. 

The  common  method  of  forming  the  ammonio-iodides,  is  by  placing  an  iodide  of  the 
metal  in  liquor  ammonia?,  or  in  ammoniacal  gas,  with  or  without  heat.  The  method 
which  Mr.  Reade  adopts,  is  to  place  the  pure  metal  in  direct  contact  with  iodine  when 
dissolved  in  ammonia. 

Some  caution  is  required  in  forming  this  solution,  but  with  ordinary  care  to  secure 
a  large  exeesa  of  iodine,  which  dissolves  teriodide  of  nitrogen  if  formed,  the  explosion 
of  this  terrible  compound  may  be  avoided. 

Solution  of  Iodine  in  Ammonia.—  Perhaps  the  best  mode  of  dissolving  iodine  in  am* 
monia  for  the  purpose  in  question,  is  to  place  about  50  or  60  grains  of  iodine  in  an 
evaporating  dish,  hold  it  over  the  spirit-lamp  for  a  few  seconds  (ill  jt  is  thoroughly  warm 
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and  the  vapour  arises,  and  tben  add  a  few  drops  of  liquor  ammonia?,  which  will  be  b*- 
mediately  charged  with  a  large  excess  of  iodine  in  solution.  This  may  be  poured  into 
a  bottle,  and  more  iodine  and  ammonia  added  until  the  requisite  supply  is  obtained. 

Ammonio-iodide  of  Gold. — Gold-leaf  when  placed  in  the  iodine  solution  instantly 
turns  black  (or  purple  if  the  solution  be  diluted),  and  immediately  dissolves,  like  sugar 
in  water.  If  left  to  evaporate  spontaneously  in  some  quantity,  we  obtain  black  four- 
sided  prisms  of  the  ammonio-periodide,  which  readily  dissolve  in  water;  and  if  averj 
weak  solution  be  exposed  for  some  mouths  to  the  direct  actiou  of  the  sun's  rays,  a  slight 
precipitate  appears,  and  a  drop  or  two  of  the  clear  solution  furnishes  a  most  striking 
microscopic  object,  both  as  to  crystalline  arrangement  and  richness  of  tint,  when  placrd 
in  polarized  light 

The  application  of  gentle  heat  to  the  ammonio-periodide  expels  iodine,  and  leans 
white  crystals  of  the  ammonio-iodide. 

The  addition  of  ammonia  to  the  a mmonio- iodides  is  generally  attended  with  inter- 
esting results.  In  the  present  case,  by  adding  ammonia  to  the  periodide  of  gold  we 
obtain  a  crop  of  minute  six-sided  crystals  terminated  by  hexahedral  summits,  and  acted 
on  by  polarized  light. 

If  a  drop  or  two  of  the  iodine  solution  be  spread  on  a  slip  of  glass,  and  two  or  three 
square  inches  of  gold-leaf  be  dissolved  in  it,  a  very  slight  application  of  heat  will  quicken 
the  crystallization  and  cause  it  to  assume  the  arborescent  form,  or  if  the  little  forest 
be  not  auite  satisfactory,  a  second  solution,  by  means  of  a  drop  of  water  and  re-crv- 
stallization,  will  give  what  is  required.  The  slip  of  glass  must  now  be  held  over  the 
spirit-lamp  to  drive  off  the  iodine,  at  first  slowly,  and  continued  there  till  the  evapo- 
rable  elements  are  gone  and  nothing  remains  but  metallic  arborescent  gold  as  a  charm- 
ing microscopic  object  It  may  be  protected  by  Canada  balsam,  as  in  the  example 
exhibited.  The  ammonio-periodide  of  gold  is  a  very  valuable  ingredient  in  the  tonmg 
bath  for  photographic  pictures.  Before  adding  it  to  the  solution  of  hyposulphite  of 
soda,  or  using  it  as  an  independent  bath,  it  should  be  dissolved  in  water  and  boiled  in 
a  test  tube,  or  an  evaporating  dish,  to  drive  off  any  free  iodine,  and  then  the  ouantitr 
added  to  the  bath  depends  upon  the  tint  required  for  the  picture,  which  may  be  brought 
up  to  a  deep  purple. 

The  solution  of  iodine  in  ammonia  may  also  be  successfully  used  in  separating  the 
pure  metal  from  gold  ore  obtained  at  "the  diggings,"  where  the  per-centage  of  gold 
is  very  small.  In  a  commercial  point  of  view  this  solution  might  be  in  some  cases  eves 
more  available  than  mercury,  and  the  iodine  could  be  easily  collected  and  used  for 
further  experiments. 

Ammonio-iodide  of  Silver. — Gmelin  says  of  the  ammonio-iodide  of  silver,  that 
"  unfused  iodide  of  silver  absorbs  with  evolution  of  heat  3*6  per  cent  of  ammonia, 
and  forms  a  white  compound,  which  on  exposure  to  the  air  gives  off  ammonia  sod 
turns  yellow  again." 

The  phenomena  are  far  more  interesting  when  silver-leaf  is  added  to  the  ammonia 
solution  of  iodine.  The  metallic  silver  is  immediately  dissolved,  and  when  a  few 
drops  are  placed  on  a  slip  of  glass  beautiful  brushes  of  prismatic  crystals  shoot  out  in 
all  directions,  which  may  be  mounted  as  a  microscopic  object  in  Canada  balsam  after 
the  excess  of  iodine  is  spontaneously  evaporated.  Under  polarized  light  the  colours 
of  the  crystals  are  brilliant  in  the  extreme. 

^  A  few  drops  of  rather  strong  ammonia  added  to  these  crystals  of  ammonio-iodide  of 
silver  on  the  stage  of  the  microscope,  produce  a  crop  of  hexagonal  and  triangular 
plates,  which  attain  soon  after  their  formation  a  variety  of  tints  rivalling  the  reflexions 
from  the  facets  of  the  diamond.  They  must  of  course  be  viewed  aa  opake  objects, 
but  unfortunately  they  are  not  permanent  and  cannot  be  preserved  in  the  cabinet 
This  is  also  the  case  with  similar  crystals  of  iron  similarly  formed. 

Ammonio-iodide  of  Mercury. — The  phenomena  in  forming  this  compound  are  varied 
and  interesting.  Mercury  is  added  to  the  iodine  solution,  and  after  the  application 
of  heat  and  the  addition  of  a  little  water,  a  few  drops  on  a  slip  of  glass  give  bundles 
of  prismatic  crystals  similar  to  those  of  silver,  and  acted  on  with  the  aame  energy  by 
polarized  light.  If  ammonia  be  added  to  these  crystals  they  are  immediately  covered 
with  tufts  of  snowy  whiteness,  and  by  degrees  these  are  converted  into  ruby-coloured 
hexagonal  prisms  which  are  permanent. 

Ammottio-iodide  of  Cobalt.— Br aude  observes  that  "no  precipitate  is  produced  in 
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solutions  of  cobalt  either  by  hydriodic  acid  or  iodide  of  potassium,  or  by  iodic  acid 
or  iodate  of  potassa."  The  author  finds,  however,  that  cobalt  yields  to  the  action  of 
the  ammonia-iodide  solutions  after  some  hours'  digestion  and  a  little  heat  and  water. 
As  might  be  expected,  it  exhibits  very  strongly  the  sympathetic  properties  of  the 
chloride ;  for  when  placed  on  paper  and  gently  heated,  it  becomes  a  brilliant  green, 
which  of  course  vanishes  as  the  paper  cools. 

The  prismatic  crystals  obtained  by  evaporation  on  a  slip  of  glass  and  mounted  in 
balsam  are  decidedly  acted  on  by  polarized  light ;  but  the  chief  value  of  this  new  com- 
pound will  be  found  in  its  properties  as  a  photographic  agent. 

When  used  for  the  purpose  of  iodizing  collodion,  it  certainly  produces  richness  of 
detail  in  those  parts  of  the  picture  where  iodide  of  potassium  often  fails,  and  it  is  also 
exceedingly  sensitive  to  the  action  of  light  when  ordinary  attempts  would  be  fruitless. 
Photographic  chemists  may  therefore  profitably  turn  their  attention  to  this  compound. 
Ammonio-iodide  of  Titanium. — As  titanium,  which  resists  every  direct  method  of 
attack  in  the  laboratory,  yields  after  a  period  of  digestion  in  the  iodine  solution,  it  is 
probable  that  other  of  the  scarcer  metals,  which  are  with  difficulty  reduced  by  the 
ordinary  methods,  might  be  exhibited  in  the  form  of  ammonio-iodides,  and  thus  throw 
additional  light  on  their  respective  equivalents. 

The  crystals  of  ammonio-iodide  of  titanium  which  Mr.  Reade  obtained,  were  from 
a  pure  specimen  of  the  metal  obtained  by  Mr.  Waterhouse,  of  Halifax,  from  the  slag 
of  the  neighbouring  iron  furnaces  at  Low  Moor. 

Ammonio-iodide  of  Aluminium. — In  forming  this  compound,  Mr.  Reade  used  not 
the  pure  metal,  but  alumina  only,  precipitated  in  the  usual  way.  After  allowing  the 
alumina  to  digest  for  some  time  in  the  iodine  solution,  the  whole  was  boiled  in  a  little 
water,  which  dissolved  the  new  compound,  and  upon  evaporation  and  the  proper  mea- 
sure of  heat  to  volatilize  the  excess  of  iodine  and  ammonia,  a  white  semi-metallic 
substance  remained,  as  in  the  case  of  silver.  It  is  soluble  in  dilute  hydrochloric  acid, 
and  yields  a  blue  precipitate  on  the  addition  of  yellow  prussiate  of  potash.  Whether 
any  use  can  be  made  of  this  process  towards  obtaining  the  pure  metal,  is  a  problem 

for  practical  men.  

On  Fused  Wrought  Iron. 
By  E.  Riley,  F.C.S     (Communicated  by  Dr.  Odling.) 

The  author  had  succeeded  in  running  down,  with  great  facility,  several  ounces  of 
best  cable  bolt-iron  into  buttons  of  metal,  which  presented  on  fracture  a  beautiful 
lamellar  structure,  and  worked  extremely  well  at  a  low  heat ;  but  which,  after  having 
been  exposed  to  a  welding  heat,  was  altogether  useless,  from  its  property  of  cracking 

or  crumbling. 

On  the  Nutritive  Properties  of  the  Potato,  when  properly  manipulated,  as 
compared  with  Wlieat,  $c.  By  Jasper  W.  Rogers,  C.B. 
The  object  of  the  writer  was  to  introduce  the  use  of  the  potato  for  the  manufacture 
of  flour  and  meal  analogous  to  flour  and  meal  of  wheat  and  oats,  and  thus  to  preserve 
the  potato  in  a  state  equally  fit  for  the  food  of  man.  It  was  an  error  to  imagine  the 
potato  had  not  the  same  elements  of  nutrition  as  wheat  and  oats.  The  nutritive  pro- 
perties of  the  potato,  when  deprived  of  its  average  quantum  of  water,  which  might 
be  stated  at  75  per  cent,  were  as  follow : — 

Of  starch 84-077  per  cent. 

„   gluten 14-818        „ 

„    oil 1-104        „ 

Whilst  the  nutritive  properties  of  wheat  are— 

Of  starch 78-199  per  cent. 

„    gluten  . •    17*536        „ 

„    oil 4-255        „ 

Why  then  should  the  potato  be  used  merely  boiled  or  baked  as  a  garden  vegetable, 
whilst  by  proper  manipulation  it  might  be  converted  into  a  material  for  producing 
meal  and  flour  nearly,  if  not  fully,  equal  to  wheat,  and  of  a  nature  also,  that  resists 
the  usual  action  of  climate  and  decay,  as  had  been  abundantly  proved  by  its  trans- 
mission to  the  tropics,  as  well  as  by  tests  made  by  the  writer  under  the  orders  of 
Government  in  producing  several  descriptions  of  food  from  potatoes  at  the  South 
Dublin  Union  I 
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But  the  proper  manipulation  of  the  potato  was  the  note  imperative  and  < 
from  the  fact  of  the  greatly  increaaed  quantity  of  food  which  it  yieldt  aa  compared 
with  wheat.  An  acre  of  land  planted  with  potatoes,  will,  when  the  watery  portion 
is  extracted,  produce,  of  dry  matter  or  meal,  similar  in  appearance  to  wheaten  nwsl 
ahout  4076  lbs. ;  whilst  an  acre  of  wheat  will  produce  but  about  105 A  lb*.  Thai  tht 
quantity  of  food  from  the  potato,  nearly  analogous  to  food  from  wheat,  it  nearly  four 
times  that  from  wheat. 

Samples  of  the  several  preparations  of  meal  and  flour  of  potato  were  exhibited ; 
and  the  process  of  manufacture  was  stated  to  be  so  simple  aa  to  be  within  reach  of 
farmers  and  householders  generally,  by  using  the  usual  appliances  of  the  dairy,  fee. 

On  some  of  the  Medicinal  and  Chemical  Properties  of  Carbonized  Peal  Mat 
By  Jasper  W.  Rogers,  C.E. 
Peat  possesses  in  itself,  and  in  the  water  combined  with  it,  great  antUputreseeiit 
powers.  Human  bodies  have  been  frequently  found  in  peat  mosses  in  a  state  of  pre- 
servation scarcely  inferior  to  that  of  an  Egyptian  mummy.  The  analyses  of  peat 
moss  discover  substances  not  to  be  found  in  wood,  amongst  others  "peraffine," 
closely  analogous  to  spermaceti.  The  absorptive  power  of  peat  moss,  properly  car- 
bpnigedf  was  found  by  measure  as  follows  :— - 

100  volumes  of  Ammoniacal  gas. 
60        |,      „   Sulphuretted  nydrogen. 
40        „      „   Carbonic  acid  gas. 
Tlie  author  states,  that  experiments  as  to  the  effects  to  he  obtained  by  the  actum 
of  "carbonized  peat,"  used  medicinally,  had  been  made  by  competent  medical  men, 
and  that  in  dyspepsia,  and  all  diseases  of  the  stomach  and  chest,  the  effect  of  carbon- 
ized peat  moss,  exhibited  internally,  had  been  found  specially  advantageous.    He 
proposes  an  explanation  of  this  effect  on  the  known  anti-putresceut  quality  of  peat, 
Ana  concludes  that  if  it  be  true,  it  can  scarcely  be  doubted  that  in  "  carbonized  pe.it 
is  to  be  found  a  remedy  for  cholera.     It  is  an  anti-putrescent  and  a  (onie,  combined 
with  an  abtorbent  power,  which  has  no  known  equal." 

Ozone  Observations.    By  Professor  W.  B.  Rogers. 


On  a  Process  for  the  Determination  of  the  Nitrates  in  Plants. 
By  Professor  W.  K.  Sullivan,  Ph.D.,  M.R.I.A. 

The  author  pointed  out  the  great  importance  of  finding  a  process  for  the  purpose, 
localise  in  determining  the  amount  of  nitogen  in  plants  by  the  usual  processes,  a  pott 
of  the  nitrogen  of  the  nitric  acid  is  included  in  the  result,  and  consequently  the  true 
amount  of  assimilable  azotic  proximate  principles  cannot  be  deduced  from  ultimate 
analysis,  if  nitrates  be  present.  The  chief  feature  of  the  process  is  thn  use  of  sulpho- 
vtjiate  of  silver  to  precipitate  the  vegetable  acids ;  the  silver  salts  of  which  are  inso- 
luble in  absolute  alcohol,  while  the  nitrate  of  silver  is  soluble.  He  also  pointed  out  a 
method  of  separating  lactic  and  acetic  acids  from  one  another  when  present 

On  the  Presence  of  several  Acids  of  the  Series  CB  H*  O4  among  the  Product*  cf 
the  Distillation  of  Peat.  By  Professor  W.  K.  Sullivan,  PhJ).9  M.RJ.A. 

Professor  Snllivan  stated,  that  he.  first  qbserved  the  presence  of  (mtyric  acid  in  uV 
acetic  acid  prepared  from  peat,  about  five  or  six  years  ago,  but  had  not  an  opportunity 
of  examining  trie  subject  further  until  recently,  when  he  .became  possessed  of  a  Ian. e 
quantity  of  raw  products  of  peat,  which  he  hoped  gradually  to  investigate.  The  pro- 
cess of  separating  the  acids,  end  the  re.sul.ts  of  the  analyses  of  some  of  the  compounds 
of  each*  were  described.  The  salt  of  baryta,  which  was  obtained  with  butyric  arid. 
contained  four  equivalents  of  water,  and  therefore  corresponded  with  one  of  Chancclf 
salts.  The  tendency  of  butyrate  of  baryta  to  crystallize  in  the  anhydrous  form  vu 
remarked,  and  the  great  difficulty  of  obtaining  the  hydrated  salts,  which  accounts  fur 
Lerch  having  always  obtained  that  salt  as  an  anhydrous  compound.  The  formsiioo 
of  a  considerable  amount  of  cyanide  of  ammonium,  by  the  destructive  dUtill&tWfl  of 
peat,  was  also  established. 
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Remarks  on  the  Solubility  of  Salts  at  high  temperature*,  and  on  the  action  of 
Saline  Solutions  on  Silicates  under  the  influence  of  Heat  and  Pressure.  By 
Professor  W.  K.  Sullivan,  PA.Z).,  M.B.LA. 

The  author  observed,  that  crystallized  gypsum  heated  with  water  in  a  sealed  tube  to 
a  temperature  of  150°  Cent,  lost  part  of  its  water,  and  formed  the  hydrate  2(CaO  SO1), 
HO;  when  heated  for  several  hours  at  a  temperature  of  200°  C,  it  was  completely 
dehydrated.  Several  of  the  zeolites,  heated  under  similar  circumstances,  were  also 
dehydrated,  but  this  required  a  much  higher  temperature,  and  a  much  longer  expo- 
sure to  the  heat  than  the  dehydration  of  the  gypsum.  Some  experiments  upon  the 
solubility  of  salts  at  high  temperatures  were  also  mentioned,  and  a  suggestion  made 
ns  to  the  probability  that  there  exists  for  each  salt  a  temperature  of  absolute  insolu- 
bility, unless  it  was  a  compound  decomposable  at  a  much  lower  degree.  Iu  connexion 
with  ihjs  subject,  the  author  confirmed  the  interesting  observation  of  M.  CousUj,  of  the 
total  insolubility  of  sulphate  of  lime  at  a  temperature  of  about  15Q°  C,  The  author 
stated  that  he  was  still  engaged  with  experiments  upon  this  subject, 

On  th*  Composition  of  Norwegian  Apatite.  By  Professor  Voelcker,  F.C.S. 
The  author  stated  that  all  the  specimens  of  apatite  which   he   obtained  from 
K  rage  roe  in  Norway,  were  perfectly  free  from  fluorine  and  contained  variable  quan- 
tities of  chloride  of  calcium. 

In  some  specimens  he  found  as  little  as  1*61  to  1*71  per  cent,  of  chloride  of  cal- 
cium, in  others  as  much  as  6*41  to  6*70. 

These  specimens  were  obtained  from  the  same  block  of  crystalline  apatite.  The 
following  analyses  express  the  composition  of  several  specimens  of  this  Norwegian 
apatite : — 

I.  If. 

Red.       Apatite. 

Hygroscopic  water 43  "43 

Water  of  combination 40  '40 

Phosphoric  acid 41*88        41*74 

Lime 53*44        54-12 

Chloride  of  calcium     .     ,     , ,       l'Gl  1*61 

Magnesia , , .  •  "20 

Phosphate  of  iron  and  alumina .    .....        166  *45 

Insoluble  siliceous  matter 1(24  '97 

Alkalies *30 

99-67       100*22 
White  Apatite. 

I.  II. 

Hygroscopic  water ,     .  *19           *298 

Water  of  combination "23           -198 

Phosphoric  acid 41*25         42*28 

Lime 50*62        53*35 

Chloride  of  calcium    . 6*41           216 

Oxide  pf  iron ,    .    .    •  -291          ,g2 

Alumina -38 1 

Magnesia ,    , 

Potash  ' , -04 

Soda ,     .  -13 

Insoluble  siliceous  matter '82            '99 

100-36  100-196 
All  the  samples  of  apatite  were  perfectly  free  from  carbonates.  After  uniting  the 
phosphoric  acid  with  lime  to  tri basic  phosphate,  and  with  chlorine,  there  remains  over 
in  each  analysis  an  appreciable  quantity  of  lime,  which  is  neither  united  with  carbonic 
acid  nor  with  fluorine.  At  any  rate,  the  author's  results  show  that  the  ordinary 
formula  for  apatite  cannot  be  applied  to  the  apatite  from  Krageroe,  which,  as  has  been 
stated,  is  distinguished  by  the  entire  absence  of  fluorine,  ana  a  very  small  proportion 
of  chlorine  in  some  specimens, 
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On  the  Methods  of  Analysing  ike  Superphosphates. 
By  Professor  Voelcker,  F.C.S. 

In  this  paper  Dr.  Voelcker  reviewed  the  different  methods  of  analysing  soperpbos- 
phate,  and  directed  attention  to  the  fact  that  the  Diphosphate  of  lime  in  commercial 
superphosphates  is  decomposed  when  the  latter  are  boiled  out  at  once  with  water,  in 
consequence  of  which  the  amount  of  soluble  phosphate  is  always  obtained  too  low  if 
boiling  water  is  employed  for  extraction. 

He  showed  likewise  that  the  amount  of  organic  matter  and  ainmoniacal  salts  m 
superphosphate  cannot  be  determined  as  usually  done  by  burning,  inasmuch  as  sal- 

Ehuric  acid  is  thereby  driven  out,  and  the  per-centage  of  organic  matter  obtained  too 
igh. 

Superphosphates  often  contain  common  salt  in  considerable  quantities;  in  deter- 
mining the  alkaline  salts,  the  common  salt  is  obtained  as  sulphate  of  soda,  and  has  to 
be  stated  in  the  results  of  chloride  of  sodium.  He  next  pointed  out  the  variable 
composition  of  the  precipitated  phosphates,  and  recommended  in  accurate  analyses 
the  method  of  Wohler  for  determining  the  composition  of  the  phosphates. 

Allusion  having  been  made  to  the  irrational  manner  of  stating  the  results  of  analysis, 
Dr.  Voelcker  described  his  own  plan  of  analysing  superphosphate,  of  which  the  lei- 
lowing  is  a  brief  abstract. 

Water  and  nitrogen  are  determined  as  usual.  30  to  35  grains  of  superphosphate 
ore  exhausted  three  or  four  times  with  two  ounces  of  distilled  water  each  time,  sad 
then  boiled  out  with  sufficient  water  to  obtain  an  excess  of  gypsum  in  solution.  The 
insoluble  portion  is  collected  in  a  weighed  filter,  dried,  weighed,  and  then  burned. 
The  ash  is  then  dissolved  in  HC1,  the  solution  precipitated  with  ammonia,  and  the 
filtrate  from  insoluble  phosphates  with  oxalate  of  ammonia.  The  portion  dissolved 
in  water  is  concentrated  with  the  addition  of  some  HC1  to  prevent  phosphates  falling 
down,  the  soluble  phosphates  are  then  thrown  down  with  ammonia,  the  filtrate  from 
phosphates  is  precipitated  with  oxalate  of  ammonia*  and  the  filtrate  from  lime  evapo- 
rated: for  alkaline  salts.    In  accurate  analysis  the  phosphates  have  to  be  analysed. 

On  the  Proportion  of  Organic  Phosphorus  in  Legumine* 
By  Professor  Voelcker,  JF.C.S. 
The  presence  of  phosphorus  in  legumine,  contained  in  it  in  organic  combination 
and  not  in  the  form  of  phosphates,  was  shown  by  the  author  by  deflagrating  a  mixture 
of  legumine  with  carbonate  of  soda  and  nitre,  dissolving  the  white  residue  in  dilate 
hydrochloric  acid,  and  precipitating  the  sulphuric  acid  with  BaCl,  removing  the  ex- 
cess of  BnO  by  pure  sulphuric  acid,  adding  to  filtrate  from  BnO,  SO*  ammonia  to 
throw  down  any  phosphates  present,  evaporating  to  small  bulk,  and  precipitating  final!* 
phosphoric  acid  with  ammoniacal  sulphate  of  magnesia. 
In  this  way  the  following  results  were  obtained : — 

1.  Legumine  from  green  peas* 

Per-centage  of  sulphur *870 

„         „        „  phosphorus 1-383 

„         „        »  ash 1-100 

2.  Legumine  from  green  peat  thrown  down  with  very  Utile  A« 

Per-centage  of  sulphur *571 

„         „        „  phosphorus .     .     1*88 

3.  Legumine  from  green  peat  precipitated  with  excess  of  A. 

Per-centage  of  sulphur *851 

„         „        „  phosphorus 2-180 

4.  Legumine  from  white  peas, 

Per-centage  of  phosphorus 1*52 

it         »        tt  «*h 1-45 

5.  Legumine  from  white  French  beans. 

Per-centage  of  sulphur     •«......«••«•  *59 

„         „        „  phosphorus 1'78 

it         »        «m1i -71 
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On  the  Preservation  of  Albuminized  Collodion  Plates. 
By  W.  Sykes  Ward,  F.C.S. 

Having  made  numerous  experiments  on  the  application  of  albuminized  collodion 
according  to  Taupenot's  process,  in  comparison  with  collodion  washed  and  covered 
with  gelatine,  according  to  the  process  published  by  Dr.  Hill  Norris  and  others,  the 
author  found  the  albuminized  collodion  process  to  give  better  results  in  all  respects, 
excepting  that  of  deteriorating  by  keeping.  He  also  found  that  plates  prepared  by 
Taupenot's  process  were  affected  by  the  wood  of  the  dark  slide,  especially  in  some 
instances  in  which  he  employed  unvarnished  cedar  wood. 

In  the  hope  of  combining  the  advantages  of  both  processes,  he  poured  on  the  plates 
prepared  in  accordance  with  Taupenot's  process,  ana  whilst  yet  wet,  various  solutions 
of  gelatine  and  metagelatine,  and  found  that  these  had  the  desired  effect  of  enabling 
him  to  keep  the  sensitized  plates  without  deterioration  at  least  four  times  as  long  as  he 
could,  under  similar  circumstances,  keep  the  plates  not  so  protected. 

The  additional  coating  of  metagelatine  also  gives  a  clearness,  brilliancy,  and  trans- 
parency to  the  negative  which  is  seldom  obtained  by  the  ordinary  process.     The  coat- 
ing of  metagelatine  is  applied  after  the  sensitized  plate  has  been  carefully  washed,  and 
may  be  dried  by  heat,  or  in  the  ordinary  manner. 
The  following  is  the  formula  preferred  :— 

Dry  metagelatine 10  grains. 

Lump  sugar 10      „ 

Glacial  acetic  acid .    ,    2  minims. 

Water „..,..    .     1  ounce. 


On  the  Processes  for  the  Detection  of  Fluorine. 
By  Professor  G.  Wilson,  M.D.,  FM.S.E^  F.C.S. 

The  author  made  an  oral  communication  on  M.  NickleV  recent  observations  on  the 
etching  of  glass  as  produced  by  the  vapour  of  fuming  sulphuric  acid  at  a  high  tempe- 
rature, and  disputed  the  validity  of  NickleV  conclusion,  that  his  results  prove  the  in- 
applicability of  glass  to  the  detection  of  fluorine  in  the  form  of  hydrofluoric  acid.  He 
also  drew  attention  to  the  impossibility  of  detecting  minute  traces  of  this  acid,  if 
quartz,  as  proposed  by  Nickl&s,  was  substituted  for  glass  as  the  material  to  be  etched, 
and  stated  nis  intention  of  publishing  at  length  his  investigations  on  the  relative  suit- 
ability of  glass  and  quartz  for  the  detection  of  fluorine. 

On  the  Time  required  by  Compounds  for  Decomposition* 
By  Dr.  T.  Woods. 

The  object  of  this  paper  was  to  prove  that  all  compounds  require  a  certain  length 
of  time  in  which,  under  similar  circumstances,  they  can  be  decomposed;  that  this 
time  is  invariable  in  amount,  definite  and  specific.  It  was  first  shown  experimentally 
that  different  compounds  require  different  "  limes"  in  which  to  decompose.  This  was 
done  by  making  a  galvanic  pair,  one  end  of  which  was  zinc  in  sulphuric  acid,  the  other 
end,  in  a  porous  cell,  platina  in  the  compound  to  be  decomposed.  When  the  metals 
are  joined  externally,  a  galvanometer  being  included  in  the  circuit,  the  needle  shows 
the  amount  of  electricity  in  circulation,  and  consequently  the  rapidity  with  which  the 
zinc  is  being  dissolved,  and  therefore  the  "  time"  in  which  the  decomposition  of  the 
compound  is  going  on. 

By  successively  using  different  compounds,  the  time  for  the  decomposition  of  each 
was  seen,  and  for  the  same  compound  always  to  be  the  same  under  like  circumstances* 
It  was  also  shown  that  the  length  of  time  each  compound  requires  for  decomposition 
was  proportional  to  the  amount  of  heat  absorbed  by  the  decomposition ;  the  more 
heat  absorbed  the  longer  it  required  to  absorb  it ;  so  that  the  interesting  fact  was 
proved,  that  all  compounds  require  the  same  length  of  time  to  absorb  the  same  quan- 
tity of  heat  in  decomposing.  It  was  shown  that  the  galvanometer  in  this  arrange- 
ment acted  the  part  of  a  thermometer  of  chemical  action,  as  the  needle  varied  exactly 
with  the  amount  of  heat  absorbed  in  a  given  time. 

The  paper  urged  the  importance  of  attention  being  paid  to  thermo-chemistry,  and 
claimed  the  precedence  of  all  others  on  the  subject  it  treated  of,  as  the  "  time  "  of  action, 
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in  chemical  changes  had  tiot  before  been  Moiled,  It  concluded  by  expressing  a  doubt 
if  electricity  and  heat  could  be  the  lame  agent,  or  modification  of  it,  as  equivalent! 
of  substance*  always  produce,  in  combining,  the  same  amount  of  electricity,  but  ffry 
different  amounts  of  neat. 


GEOLOGY. 


Notice  of  the  occurrence  of  a  Boulder  of  Granite  in  the  White  Chalk  of  ike 

South-east  of  England.    By  Robert  Godwin-  Aus«w,  F.R.8. 
Tut  author  described  first  the  threefold  division  of  the   cretaceous  series  of  0* 
South-east  of  England ;  the  extent  of  the  area  occupied  by  each  division,  and  the 
conditions  of  accumulation  thus  severally  implied — that,  commencing  from  shallow 
water,  each  shows  more  extended  boundary  lines,  and  increasing  depth. 

1.  Littoral  shingle  of  Lower  greensand  or  Neocomian  group  at  Farringdon ;  deepest 
deposits  in  Neocomian  clays,  with  Bivalves  in  normal  position,  not  exceeding  ten 
fathom  8. 

2.  Gault  had  its  deep  beds  over  South-east  parts  of  England,  its  littoral  ones  io  the 
West,  as  in  the  Halden-sands. 

3.  The  area  of  the  white  chalk  ranged  as  far  North  as  the  North  of  Ireland,  and 
from  the  coast  of  Scotlarid  to  the'  area  of  the  Baltic,  and  thence  occupied  a  broad 
zone  over  North  Germany.  In  Western  Europe  the'  conditions  under  which  the  white 
chalk  was  accumulated  were  remarkably  uniform ;  for  the  whole  of  the  Anglo-French 
basin  (Seine),  800  feet  may  be  taken  as  its  average  thickness,  the  whole  a  deep-water 
accumulation* 

,  •  Rolled  shingle  and  fragments  of  extraneous  rocks  have  been  found  in  the  chalk, 
and  are  to  be  seen  in  several  collections;  they  are  all  of  crystalline,  mostly  gmriris 
rocks,  and  their  size  is  not  considerable ;  yet  in  every  case  they  are  beyond  the  rooriof 
power  indicated  by  the  white  chalk. 

Modes  of  transfer  of  marginal  materials  into  great  depths  are,— 

1 .  By  floating  sea- weeds.  Illustrations  of  this  are  to  be  seen  on  roost  coasts,  sad 
evidences  of  it  may  be  detected  in  most  of  the  older  sedimentary  deposits. 

2.  By  floating  ice. 

Description  of  the  Croydon  Granite  Boulder. — Form,  size,  and  weight  such  that  it 
could  only  have  been  moved  by  ice ;  other  materials  associated  with  it,  such  as  rounded 
pebbles  of  Other  crystalline  rocks  and  siliceous  land.  Such  an  association  of  materials 
sinking  in  one  place,  shows  that  they  were  held  together  in  the  act  of  sinking,  as  slso 
when  they  sank  into  the  fine  calcareous  mud  of  the  chalk  seabed. 

The  author  abstained  from  entering  upon  a  description  of  the  rocks  found  aaUXJiU'd 
with  the  Croydon  boulder,  but  stated  that  such  an  assemblage  existed  only  in  the 
Scandinavian  and  other  northern  regions.  * 

The  inferences  to  be  derived  from  the  foregoing  considerations  hate  a  Terr  infrf 
etting  bea nng  *  t^T^,  P°TOny  of  the  North  European  area,  at  the  period  of 
the  greatest  expansion  of  the  Cretaceous  sea.     There  were  regions  of  the  globe  then, 

regions  lay  to  the  north  of  the  area  of  the  white  chalk  of  West  Wope,  and  the  while 
chalk  ocean  extended  continuously  up  to  such  latitudes  ^^ 

JKaafS^^  ftg?t'  roch  mitari*  flrc  not  «*•  "■»*■  *" 

faiZiZ  P  """*  tok,n  *  the  ,cebe^  *«*  *•*«*■  * 

During  the  Drift  period  of  the  Pliocene  division  of  geological  historr.  the  set  of  the 

understood  and  can  be  made  available  for  every  geological  period. 

On  Carbon**™* Lime$tone  Fosrih  from  the  Counts,  of  Limerick,  mfefaf 
by  the  Geological  Survey.    By  W.  H.  Baily,  F.G.S. 
The  author  in  this  communication  gave  a  brief  notice  of  an  exteniivc  cefeebca  of 
/Wis  recently  made  by  the  Geological  Survey  in  the  nefcbta&j oT/KeX? 
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county  of  Limerick,  which,  from  in  containing  several  new  forme,  and  the  fine  state 
of  preemption  of  many  of  the  specimens,  preeented  points  of  structure  and  other  peeu* 
liaritie*  not  before  described.     The  fauna  of  the  carboniferous  limestone  period, 
which  is  usually  one  of  the  riohest  in  aoophytes,  in  this  collection  is  represented  only 
by  *  small  proportion,  principally  belonging  to  the  division  Zoantharia  tabulate  of 
Prof.  Milne-Edwards,  amongst  which  are  the  genera  Michelinea  and  Chmtitet,  with 
the  characteristic  and  extensively  distributed  coral  Amplexus  coralloidet.  The  Echinc* 
dercnata,  which  are  most  familiar  to  us  in  a  fossil  state,  in  this  collection  belong 
almost  entirely  to  one  division  of  crinoids,  the  Melocrinidae,  consisting  of  numerous 
detached  bodies, principally  of  Platycrinus  and  A ctinocrinus,  genera  almost  exclusively 
confined  to  this  formation.    Remains  of  animals  of  the  class  Bryozoa  or  Polyzoa,  now 
included  with  the  Molluscs,  are  well  exhibited  by  various  forms,  principally  belonging 
to  the  family  Reteporidse,  amongst  which  are  fine  specimens  of  the  well-known  form 
Ftntsttlla  membranacea  of  Prof.  Phillips.     Of  the  Brachiopoda,  the  family  Terebra* 
tiilldcB  are  represented  by  but  one  species,  the  Terebratula  hattata,  of  which  there  is 
a  numerous  and  fine  series.  Of  the  Spiriferidae,  there  are  several  characteristic  species, 
together  with  the  Athyris  Roissyi,  a  singular  and  rare  form  belonging  to  this  family, 
in  which  the  lines  of  growth  are  developed  into  expansions,  giving  it  a  fringed  appear* 
ance.   Of  the  family  Rhvnchonellida?,  are  the  common  forms  of  Rhynchonella  puynui 
and  pUurodon.  The  Ortnidea  are  represented  by  the  well-known  Orthis  resupittata,  and 
the  very  rare  species  Orthis  radiaUs,  and  other  well-known  forms.     Also  numerous 
examples  of  several  characteristic  and  some  rare  species  of  the  family  Productidoe  are 
found,  including  Produetus  aculeatus;  and  a  new  species.  Of  the  genus  Choneits  there 
are  several  interesting  and  rare  varieties,  including  C.  variolata  (D'Orb.)  and  C  papU 
lionacea.    The  Concnifera,  or  Lamellibranchiata,  form  a  fine  series,  containing  several 
new  forms,  amongst  them  being  several  species  of  the  genera  Aviculoptcten  and 
PteroniUt  (M'Coy),  shells  having  an  oblique  axis  like  most  of  the  so-called  Pectens  of 
the  coal-measures.   Of  the  singular  shell  called  Conocardium  Hibernicum  ( Pleurorhyn* 
chua  of  Prof.  Phillips)  several  instructive  specimens  were  collected,  showing  the  ex- 
panded keel  and  sipnonal  tube,  which  in  some  species  is  still  more  extended,  being  pro- 
bably analogous  (as  suggested  by  Mr.  S.  P.  Woodward  in  his  'Manual  of  the  Mollusca') 
to  the  soft,  elongated  siphons  of  a  remarkable  group  of  cockles  inhabiting  the  inland 
salt  seas,  Aral  and  Caspian,  burrowing  in  mud ;  also  a  second  species,  of  which  several 
specimens  were  collected,  some  of  them  attaining  a  larger  size  than  the  G  Hibernicum^ 
being  remarkably  perfect,  and  having  a  long  siphonal  tube,  which  Prof.  De  Koninclt 
agreed  with  the  author  in  considering  an  undescribed  form.  He  proposed,  therefore,  to 
dedicate  this  magnificent  species  to  that  distinguished  palaeontologist  under  the  name 
of  Conocardium  Koninckii.    There  are  several  species  of  the  genus  Cardiomorpha,  one 
of  which,  C.  Konmckiit  is  new  to  Britain,  and  another,  a  new  species,  of  large  dimen- 
sions.   The  Gasteropoda,  or  univalve  shells,  are  also  numerously  represented  by  many 
genera  and  species,  including  a  new  species  of  Macrochcilus,  and  other  undescribed 
forms.    Of  the  Nucleobranchiata,  believed  to  be  allied  to  the  floating  shells  of  the 
present  day,  this  collection  contains  several  species  of  Bellerophon  and  PorceUia  Puzo, 
a  discoidal  form  of  great  rarity.    The  highest  order  of  Mollusca,  and  most  important 
geologically,  are  those  of  the  Cephalopoda,  which  are  here  remarkable  for  sue  and 
rarity  of  form,  all  belonging  to  the  order  Tetrabranchiata.    The  Nautilidas  contained 
many  large  add  fine  specimens,  some  of  them  being  new  species.    Of  the  Orthocera- 
tida?,  specimens  were  collected  of  Orthoceras  Muensterianum,  fine  examples  of  0.  dacty- 
iiophorum,  and  the  peculiar  formsof  Gomphoccrat  (Poieriocerai)  fusiforme  and  Cyrto- 
<eras  Femeuilanum ;  also  of  the  Goniatites,  a  division  of  the  Ammonitida?,  several 
species,  including  0»  ersnutria  and  fatciculatut,  alluded  to  as  contained  in  this  col- 
lection. Borne  of  them  showing  external  markings  and  others  being  new  forms. 


On  a  New  Fossil  Fern  from  the  Coal-Measures  near  Glin,  County 

Limerick*    By  W.  H.  Baily,  F.G.S. 

The  fossil  plant  alluded  to  by  the  author,  and  of  which  an  enlarged  representation 

was  given,  wae  collected  by  Mr.  G.  Henry  Kinahan,  of  the  Geological  Survey,  from 

the  black  sbale  above  the  coal  townland  of  Ballygiltenan  Lower,  county  of  Limerick, 

associated  with  ordinary  eoal  plants,    It  appeared  to  be  the  central  portion  of  a  frond, 
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-with  about  twenty  alternating  pinnules,  which  are  apparently  covered  by  theez,  or 
cases  of  the  reproductive  germs,  presenting  an  appearance  somewhat  resembling  rows 
of  small  flowers.  The  unique  character  of  this  singular  plant,  possessing,  as  it  does,  i 
form  so  totally  unlike  any  recent  or  fossil  plant,  combined  with  the  rare  circumstance 
in  fossil  ferns  of  the  carboniferous  period,  that  of  bearing  organs  of  fructification,  which 
here  appear  to  be  so  fully  developed,  renders  it  of  great  interest,  and  may  possibly 
constitute  it  a  new  generic  form. 

On  the  Drift  of  West  Galiaay  and  the  Eastern  parts  of  Mayo. 
By  J.  Birmingham,  o/Millbrook,  County  Galxoay. 

The  author  sets  out  by  alluding  to  the  interest  and  importance  of  the  Irish  drifts i 
genera],  which  are  well  developed  in  the  district  to  which  his  paper  refers.  They  differ 
from  the  drifts  of  many  other  countries  by  containing  no  fossiliferous  evidence  of  their 
comparative  date  :  and,  to  account  for  the  absence  of  shells  or  any  traces  of  boring 
molluscs  in  their  materials,  the  author  suggests  that  the  remains  of  those  great  drifts, 
which  are  now  exposed,  never  formed  the  surface  of  the  former  sea-bottom,  but  were 

Srobably  situated  at  a  depth  to  which  no  shell-fish  ever  reached.     He  divides  the 
rift  of  his  district  into  three  principal  divisions ;  namely, — 

1.  The  Clay  Drift,  from  a  point  between  the  south-east  and  the  west,  forming  difi 
on  the  north,  east,  and  south  shores  of  Gal  way  Bay. 

2.  The  Great  Boulder  Drift,  from  a  point  between  the  north  and  the  west,  over* 
lying  the  former. 

3.  The  Escar  Drift,  forming  the  chains  of  gravel  hills  in  the  interior  of  the  country, 
from  the  south-west. 

The  direction  and  sequence  of  those  drifts  are  inferred  from  their  mineralogieal 
characters  and  relative  positions.  The  perfect  round  forms  of  the  Escar  Hills,  and 
the  complete  curves  that  their  beds  or  layers  generally  exhibit  in  any  stratified  sec- 
tion, not  only  prove  their  subsequency  to  the  other  drifts,  but  show  that  their  emer- 
gence from  the  waves,  at  which  time  they  must  have  received  their  present  contour, 
did  not  take  place  during  any  glacial  period ;  for  if  icebergs  had  been  moving  about, 
and  grooving  the  rock  bottom  of  the  shallowing  sea,  the  Escars  would  scarcely  have 
escaped  their  action,  which  would  be  recognized  in  the  tabulation  of  their  summits, 
or  other  significant  appearances.  The  long  ranges  of  those  gravel  hi  lis  may  show  the 
resultants  of  currents  that  had  been  subdivided  from  the  main  stream,  and  met  again 
at  large  angles  beyond  the  limits  of  opposing  hills. 

He  refers  to  a  fact  which  he  considers  worthy  of  note,  from  being  at  variance,  as  he 
believes  it  to  be,  with  recognized  theory.  He  often  observed  that  in  the  Escar  drift, 
the  coarser  gravel  and  boulders  betray  a  tendency  to  arrange  themselves  in  the  upper 
parts  of  the  mass ;  and  he  has  remarked  the  same  phenomenon  in  the  shoal  beds 
periodically  formed  by  river  floods.  * 

He  maintains  that  it  is  to  the  power  of  moving  water,  and  not  either  to  land  glaciers 
or  floating  ice,  that  the  great  boulder  drift  of  his  district  is  also  to  be  attributed.  The 
fact  of  large  boulders  being  found  on  the  sides  and  summits  of  hills,  which  they  must 
have  ascended,  sufficiently  refutes  the  land-ice  hypothesis ;  and  the  floating-ice  theory 
is  rendered  improbable  by  the  appearance  of  a  regular  increase  in  number,  as  well  as 
in  size  and  angularity,  of  the  erratic  blocks  as  they  are  followed  towards  their  source. 
Their  decrease  in  number,  according  to  their  remoteness  from  their  parent  rocks, 
might,  indeed,  be  accounted  for  on  glacial  principles,  but  not  so  easily  their  decrease 
In  size ;  for  though  the  ice-raft  may  waste  away  by  degrees,  and  its  powers  of  buoy- 
ancy become  less,  still  this  must  be  thought  to  affect  the  total  quantity,  rather  than 
the  individual  parts  of  the  load  that  it  bears.  As  its  cliffs  succumb  in  its  progress 
through  the  warm  sea-waves,  its  burden  may  gradually  be  reduced ;  but  there  is  no 
reason  why  the  largest  masses  should  not  be  found  among  the  mixed  materials  which 
are  still  carried  on  its  contracting  area.  If  ice,  therefore,  were  the  transporting  cause 
of  this  drift,  we  should  expect  to  see,  scattered  over  the  land,  even  a  few  large  boulders 
derived  from  distant  localities;  but  those  are  never  found  so  situated ;  they  must  be 
looked  for  near  their  source.  The  clay  drift  is  in  some  places  stratified,  and  in  others 
amorphous ;  and  it  presents  no  phenomena  which,  in  the  author's  opinion,  oblige  as 
to  have  recourse  to  the  agency  of  ice  to  account  for  its  formation,  while  its  southerly 
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origin  is  directly  opposed  to  such  a  hypothesis.  Still  the  object  of  the  author  is  not 
to  dispute  the  existence  of  a  glacial  period  in  his  district,  but  simply  to  state  his 
opiniou  that  the  conditions  which  the  drifts  exhibit  must  be  ascribed  to  the  effect  of 
moving  water,  and  not  of  ice. 

He  alludes  to  Agassiz,  as  the  first  who  applied  the  ice  theory  to  the  drift  pheno- 
mena of  the  British  Islands,  and  remarks,  that  it  may  be  with  the  geologist  as  with 
the  painter  or  the  musician,  in  whose  works,  though  they  speak  the  universal  lan- 
guage of  genius,  a  national  accent  may  still  be  noticed ;  and  the  ice  or  water  theories 
may,  to  a  great  extent,  owe  their  origin  to  the  physical  circumstances  of  the  native 
countries  of  their  proposers.  An  inhabitant  of  Switzerland,  who  has  been  accustomed 
to  observe  the  vast  powers  of  the  glaciers  grinding  away  the  sides  of  mountains, 
scooping  out  their  bed  in  the  granite  rock,  and  carrying  the  fragments  of  fallen  peaks 
on  the  crests  of  their  solid  waves,  must  see  that  ice  is  indeed  a  great  agent  in  geo- 
logical phenomena ;  and,  on  the  other  hand,  to  a  native  of  our  western  isles,  who  has 
been  viewing  the  Atlantic  from  his  childhood,  and  has  seen  cliffs  pulled  down,  and 
the  huge  masses  of  their  debris  tossed  about  by  the  surge,  the  force  of  water  will  be 
considered  unsurpassed.  One  as  correctly  as  the  other  might  found  a  theory  of 
limited  applicability  on  the  great  power  he  had  been  used  to  contemplate,  but  they 
would  be  equally  wrong  in  giving  it  too  great  a  generalization  ;  and  the  author  hopes 
that,  in  his  own  opinions,  he  has  not  been  unduly  influenced  by  local  associations. 

He  thinks  that  the  general  contour  of  the  country  shows  the  existence  of  great 
,  denuding  action  from  the  east  at  a  period  anterior  to  the  drifts ;  and  the  rise  of  out- 
cropping strata  is  generally  towards  the  lowlands,  proving  them  to  be  valleys  of 
denudation,  where  the  upheaval  and  disturbance  of  the  limestone  beds  rendered  them 
liable  to  be  carried  away.  Looking  south  from  Gal  way  Bay,  a  grand  illustration  of 
this  phenomenon  may  be  seen,  where  the  inclined  beach  terraces  of  ancient  seas 
ascend  the  Barren  Hills  like  stairs  of  giants;  but  the  remark  does  not  apply  to  the 
mountains  west  of  Loch  Mask  and  Loch  Corrib. 


On  certain  Alterations  of  Level  on  the  Sea  Coast  of  part  of  the  County  of 
Waterfordy  and  the  cause  thereof.    By  Dr.  Clarke. 

The  author  described  the  elevation  of  an  ancient  sea-beach  on  the  coast  of  the 
County  of  Waterford,  extending  about  two  and  a  quarter  miles,  and  reaching  at  one 
part  an  elevation  of  60  feet.  The  shells  found  in  the  upraised  beach  were  exclusively 
those  of  Cardlum  edule ;  the  elevation  is  believed  by  the  author  to  be  of  later  date 
than  any  of  the  other  pleistocene  deposits  of  Ireland.  The  circumstances  attending 
the  formation  of  trap-rock  at  Newton  Head  were  noticed  as  bearing  on  this  pheno- 
menon, the  elevation  of  the  beach  being  apparently  dependent  on  and  due  to  the 
igneous  agency  which  raised  the  dyke. 


On  the  Geology  of  the  Neighbourhood  of  Tralee. 
By  F.  J.  Foot,  Geological  Survey. 

This  paper  is  descriptive  of  a  section  north  and  south,  from  Bird  Island  on  the 
south  shore  of  the  mouth  of  the  Shannon  to  the  village  of  Castlemaine. 

The  rocks  seen  in  this  section  are  given  in  a  descending  series,  the  uppermost 
being  the  coal-measure  shales,  consisting  of  thick  beds  of  black  shale,  more  or  less 
fossiliferous,  alternating  with  beds  of  olive-coloured  grits,  containing  fragments  of 
plants. 

The  rocks  under  these  are  those  of  the  carboniferous  limestone,  which  may  be 
divided  into  three  parts,  upper,  middle,  and  lower. 

The  upper  limestone  in  this  district  varies  from  a  light  grey  compact  to  a  dark  grey 
crystalline  limestone,  abounding  in  fossils. 

The  middle  portion  is  a  thiu  bed,  only  a  few  feet  thick,  being  a  shaly  impure  lime- 
stone, representing  the  calp. 

The  lower  member  is  chiefly  a  light  gray  hard  compact  rock,  abounding  in  fossils. 

The  thickness  of  the  limestone  is  very  difficult  to  ascertain,  partly  because  the 
limestone  is  often  very  thick-bedded,  and  partly  that  the  great  amount  of  drift  in  the 
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district  prevents  one  getting  a  good  section.  The  lines  of  st ratification  are  also  often 
much  effaced  hy  joints,  cleavage,  and  weathering  of  the  surface.  Under  the  limestone 
comes  the  carboniferous  slate,  consisting  of  black  shale,  brown  grits,  and  some  cal- 
careous bands,  full  of  fossils,  the  thickness  being  about  500  feet.  Next  comes  the 
yellow  sandstone  of  Dr.  Griffith,  consisting  of  yellowish  grit  and  shales,  varying  from 
500  to  1000  feet  in  thickness.  The  former  is  the  thickness  at  the  StUve-Mok 
mountains  near  Tralee ;  the  latter  that  near  Bird  Island.  Here  I  discovered  a  tain 
bed  full  of  plants,  all  branching  and  some  having  a  cellular  structure ;  there  are  tone 
leaves  that  look  like  those  of  Cyclopteris  Hibernica. 

Below  the  yellow  sandstone  comes  a  considerable  thickness  of  red  sandstones  sod 
slates,  amounting  at  Slieve-mish  to  about  800  feet ;  from  this  they  pass  downward  into 
a  conglomerate.  A  remarkable  point  about  this  conglomerate  is  the  manner  in  which 
it  varies  both  in  thickness  and  character.  Its  thickness  where  it  is  shown  on  the  lioe 
of  section,  is  about  80  feet,  and  it  consists  of  large  and  small  rounded  pebbles  of 
quartz,  jasper,  and  hornstone,  in  a  base  of  red  sand;  while  about  one  mile  and  a  half 
further  west  (on  the  south  side  of  the  anticlinal  of  the  Slieve-mish  range,  where  the 
beds  are  thrown  down  by  a  fault),  it  is  more  than  200  feet  thick,  and  consists  of  large 
angular  fragments  of  gneiss,  mica-schist,  grey  grit,  trap  ashes,  &c,  thinning  out  00 
the  northern  slope  to  about  50  feet. 

This  conglomerate  is  the  lowest  rock  seen  in  this  section,  but  it  must  not  be  con- 
founded with  that  which  is  now  considered  as  the  base  of  the  carboniferous  rocks  in 
this  district,  and  which  is  several  hundred  feet  below  it,  and  lies  unconformablj  on 
the  Silurians. 


On  the  Relations  of  the  Rocks  at  or  beloto  the  base  of  the  Carboniferous  Series 
of  Ireland.  By  Sir  Richard  Griffith,  Bart.,  LL.D.9  M.R>I*A^  F.G.S. 

The  author  stated  that  he  had  found  great  difficulty,  when  preparing  the  several 
editions  of  his  Geological  map  of  Ireland,  in  deciding  on  the  class  to  which  certain 
rocks  characterized  by  brown  and  reddish-brown  grits  and  conglomerates  ought  to  be 
assigned. 

These  rocks  occur  in  three  districts  in  the  north ;  viz.  one  in  the  neighbourhood  of 
Pomeroy  and  Omagh,  in  the  counties  of  Fermanagh  and  Tyrone,  one  forming  the 
Curlew  mountains  in  Sligo  and  Mayo,  one  forming  the  Croaghmoyle  mountains  and 
neighbourhood  in  Mayo,  and  one  extensive  district  in  the  south  occupying  large  por- 
tions of  the  counties  of  Cork  and  Kerry. 

The  author  then  referred  to  his  paper  read  at  the  Cork  meeting  of  the  British 
Association  for  the  Advancement  of  Science,  from  which  it  appeared  that  he  was  then 
inclined  to  connect  the  conformable  brownish-red  sandstones  and  conglomerates  with 
the  Silurian  system. 

The  author  next  referred  to  his  paper  read  to  the  Belfast  meeting  of  the  Asso- 
ciation on  the  yellow  sandstone  of  the  north  shore  of  Mayo,  and  to  the  advice  tendered 
to  him  by  Sir  H.  De  la  Beche  and  Mr.  Jukes,  with  reference  to  the  omission  on  his 
map  of  the  so-called  Old  Red  Sandstone  district,  as  the  red  rocks  appeared  to  them  fr 
he  all  carboniferous,  an  opinion  confirmed  by  the  subsequent  discovery  of  SigiUark 
and  Stigmaria  ficoides  within  the  area,  as  also  in  similar  rocks  at  MacSwyne's  Bay  hi 
Donegal,  a  very  large  specimen  from  which  locality  is  preserved  in  the  court-yard  of 
the  Royal  Dublin  Society. 

It  appears  therefore  that  these  supposed  Old  Red  Sandstone  rocks  of  the  North  are 
undoubtedly  carboniferous ;  but  it  is  yet  doubtful  to  what  series  the  red  rocks  below 
lying  unconformably  to  them  may  belong. 

The  author  then  mentioned  the  limits  of  the  true  Old  Red  Sandstone  of  the  South, 
from  the  east  to  the  west  side  of  the  island,  reposing  on  other  red  and  purple  rocks, 
which  in  the  Dingle  district  become  distinctly  unconformable  to  them,  while  the  red 
and  purple  rocks  themselves  repose  conformably  on  fossiliferous  Silurian  rocks. 

He  then  described  the  grounds  on  which  he  based  his  division  of  yellow  sandstone, 
principally  from  the  occurrence  of  plants, subsequently  found  by  Professor  Haughton, 
Mr.  Jukes  and  others,  to  extend  still  lower  down  into  the  red  rocks;  and  stated,  that  a* 
he  considered  the  plants  to  be  the  proof  of  the  yellow  sandstone  being  of  carboniferous 
age,  he  was  not  prepared  to  deny  the  inference  that  the  whole  of  the  fiah-beat  of 
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Scotland,  and  the  similar  rocks  of  Glamorganshire  and  South  Wales,  might  belong  to 
the  carboniferous  system. 

He  estimated  the  mean  thickness  of  the  true  Old  Red  Sandstone  of  the  South  of  Ire- 
land at  about  3000  feet,  including  800  feet  of  yellow  sandstone. 

The  author  then  described  an  east  and  west  section  across  Ireland  from  Blackstairs 
mountain  in  the  county  of  Wexford  to  the  extremity  of  the  Dingle  promontory  in  the 
county  of  Kerry,  and  afterwards  entered  into  some  details  as  to  the  structure  of  the 
Dingle  district  and  that  round  Killarney  and  Glengariff.  fie  referred  more  parti- 
cularly to  the  great  difficulty  which  arose  from  the  fact  that  the  red  and  green  rocks  (for 
whioh  Mr.  Jukes  had  proposed  the  term  'Glengariff  grits,'  a  term  which  had  his  entire 
concurrence)  were  conformable  to  the  Silurian  rocks  of  the  Dingle  district,  while  the 
Old  Red  Sandstone  reposed  unconformably  on  both;  on  the  other  hand,  in  the  coun- 
try south  of  Dingle  Bay,  it  should  be  mentioned  these  same  Glengariff  grits  passed 
insensibly  up  into  the  Old  lied  Sandstone;  and  no  want  of  conformity  could  be  found 
in  any  part  of  the  series,  from  the  Glengariff  grits  as  far  up  as  the  coal-measures; 
and  the  author  exhibited  a  north  and  south  section  through  the  Dingle  promontory  to 
I  he  valley  of  Ken  mare,  illustrative  of  his  views.  He  then  pointed  out  the  analogy 
between  the  Glengariff  grits  and  the  brownish-red  grits  of  the  three  districts  in  the 
north  of  Ireland  already  alluded  to,  referring  to  numerous  sections  which  he  had  for- 
merly prepared. 

The  author  thought,  on  the  whole,  from  the  occurrence  of  similar  felstones  and 
ashes  in  the  Silurian  rocks  and  the  Glengariff  grits,  and  the  facts  stated  above,  that 
there  was  a  double  probability  in  favour  of  those  rocks  being  of  Silurian  rather  than  of 
Devonian  age,  or  at  all  events  that  he  was  justified  in  the  classification  which  he  had 
made  on  his  map,  and  in  distinguishing  these  rocks  by  separate  letters  and  colours. 


Notes  from  the  Barbary  Coast,  with  Fossils. 
By  G.  F.  Habershon.     {Communicated  by  Dr.  Gladstone.) 

In  this  communication  there  were  described  the  promontory  of  sandstone  stretching 
into  the  Atlantic,  on  which  the  town  of  Mogador  is  built;  two  islands,  likewise  of 
sandstone,  one  of  which  contains  a  remarkable  central  depression  ;  the  sand-hills,  and 
the  barren  sandy  plain,  which  extends  some  20  miles  by  5  or  6  inland;  and  the  Iheb- 
el-Hadeed,  or  "  Mountains  of  the  Iron,"  a  day's  journey  to  the  north  of  Mogador. 
There  is  a  universal  tradition  that  the  plain  was  once  luxuriant  with  vegetation,  but 
had  been  gradually  covered  with  sand.  This  could  not  have  been  blown  from  any 
desert,  as  the  plain  is  surrounded  on  all  sides  by  fertile  regions,  except  that  open  to 
the  sea.  That  the  land  is  sinking,  is  rendered  probable  by  the  very  low  position  of 
the  town  of  Mogador,  of  a  palace  built  long  since  by  one  of  the  emperors  of  Morocco, 
and  of  a  circular  fort  erected  by  the  Portuguese  on  the  shore  and  now  in  ruins,  and 
especially  by  the  fact  that  it  was  the  custom  of  the  Moors  in  former  times  to  drive 
their  cattle  to  feed  on  the  larger  island,  by  a  path  which  is  now  covered  at  low  tide 
by  about  10  feet  of  water. 

About  half  a  mile  from  the  northern  gate  of  Mogador  is  a  sand-hill,  in  which  Mr. 
Habershon  had  seen  what  appeared  the  stems,  branches,  and  twigs  of  many  trees, 
but  all  converted  into  sand  and  hollow.  Dr.  Gladstone,  who  had  suggested  the  pro- 
priety of  bringing  over  some  of  these  fossils,  described  the  specimens  accompanying 
the  paper  as  branching  irregular  tubes  of  carbonate  of  lime,  on  the  outside  of  which 
sea-sand  of  a  very  heterogeneous  character  was  cemented  by  crystals  of  the  carbonate. 
These  specimens  varied  from  half  an  inch  to  five  inches  in  diameter ;  and  though  he 
had  formed  several  theories  as  to  their  origin  and  nature,  not  one  of  these  seemed  to 
meet  every  point  of  the  case.  The  communication  was  further  illustrated  by  speci- 
mens of  sandstone  from  Mogador  and  the  islands,  minerals  from  the  province  of 
Soos,  and  ironstone  and  chert  from  the  Iheb-el-Hadeed. 


On  the  Geology  of  Caldbeck  Fells,  and  the  Loicer  Sedimentary  Bocks  of 
Cumberland.    By  Professor  Harkness,  F.B.S, 

The  district  alluded  to  in  this  communication  forms  the  northern  portion  of  the 
mountainous  area  of  the  lake  district  of  Cumberland.  Caldbeck  Fells,  including  their 

5* 


68  REPORT— 1857- 

eastcrn  extremity  Carrick  Fell,  consist  of  masses  of  plutonic  and  igneous  rocks.  Ob 
the  southern  slopes  of  these  hills  there  is  seen  Skiddaw  slate,  which  generally  hat  a 
south  dip ;  and  this  Skiddaw  slate,  as  it  approximates  the  granite  of  Skiddaw  Forest, 
passes  into  chiastolite  slate,  chiastolite  rock,  and  a  pseudo-gneiss.  On  the  south  side 
of  the  granite  area  the  same  phenomena  occur,  but  on  this  side  hornblende  rock  and 
actinolite  rock  also  appear.  In  the  metamorphic  rocks,  and  likewise  in  the  ordinary 
Skiddaw  slates  which  succeed  them  in  position,  the  strike  of  the  strata  is  nearly 
east  and  west,  and  the  general  arrangement  of  the  strata  seems  to  indicate  that  the 
plutonic  and  igneous  masses  of  Caldbeck  Fells  form  the  axis  of  the  group  rather  than 
the  granite  of  Skiddaw  Forest.  Wiih  respect  to  the  unaltered  rocks  of  the  Skiddav 
district,  these  have  been  referred  by  Prof.  Sedgwick  to  three  groups,  black  Skiddav 
slate,  grits  seen  in  the  masses  of  Grassmonr,  and  grey  Skiddaw. slate  containing  fossils 
described  in  the  Palaeozoic  fossils  of  the  Woodwardian  Museum.  The  upper  grey 
slates  are  the  deposits  which  have  hitherto  afforded  organic  remains.  Last  year  the 
author  obtained  traces  of  worms  from  the  black  Skiddaw  slate,  the  lowest  member  of 
the  unaltered  scries,  at  Threlkeld,  and,  from  a  communication  which  the  author  had 
recently  from  Prof.  Sedgwick,  it  would  appear  that  in  these  low  strata  graptolitn 
have  been  lately  obtained  by  Mr.  J.  Ruthven.  With  regard  to  the  lithological  natore 
of  these  Skiddaw  rocks,  it  would  seem  that  there  is  a  considerable  change  according 
to  locality.  Westward  grey  slates,  with  intercalated  grits,  obtain  on  the  line  of  the 
strike  of  the  black  Skiddaw  slates,  leading  to  the  inference  that  coarser  beds  supply 
the  place  of  the  finer  black  slates  on  the  eastern  margin  of  the  area. 


On  tfte  Jointing  and  DolomitizcUion  of  the  Lower  Carboniferous  Limestone 
in  the  Neighbourhood  of  Cork.    By  Professor  Harkness,  FJLS. 

The  district  round  Cork  consists  of  a  series  of  hills  and  valleys,  the  former  com- 
posed of  Devonian,  and  the  latter  of  limestone  belonging  to  the  lower  portion  of  the 
carboniferous  series.  In  the  latter  are  joints  having  three  directions:  one,  the  pre- 
vailing direction  being  north  and  south ;  and  of  the  other  two,  one  is  almost  horizontal 
and  the  other  oblique.  These  joints  occur  in  great  profusion  in  most  of  the  limestooe 
localities;  but  in  certain  spots  where  the  limestone  is  siliceous  and  bedded,  the  joint- 
ings are  imperfect  and  the  stratification  distinct.  Among  these  limestones  there  are 
seen  in  the  neighbourhood  of  Cork  dykes  of  dolomite,  and  these  dykes  in  jointed  lime- 
stone conform  to  the  main  perpendicular  joints.  In  the  limestone,  where  the  strati- 
fication is  distinct,  we  often  find  also  dolomites ;  and  these  agree  with  the  planes  of 
stratification.  The  production  of  these  dolomites  appears  to  be  subsequent  to  the 
deposition  of  the  strata  in  which  they  occur.  From  the  observations  of  Regnault  it 
would  seem  that  sea-water  (containing  sulphate  of  magnesia)  is  capable  of  exerting 
considerable  influence  on  limestone,  giving  rise  to  carbonate  of  magnesia  and  sulphate 
of  lime ;  and  the  phenomena  exhibited  by  the  district  around  Cork  would  lead  to  the 
inference  that  sea-water,  finding  access  into  rocks  by  joints,  and  in  some  instances 
along  the  planes  of  stratification,  so  produced  the  dolomitic  masses. 


On  the  Records  of  a  Triassic  Shore.    By  Professor  Harkness,  F.RS. 

The  area  occupied  by  the  trias  strata  referred  to  occurs  in  the  north-west  of  England 
and  the  south  of  Scotland.  The  deposits  which  form  this  series  consist  of  argillaceous 
strata  and  sandstones,  and  these  beds  have  their  surfaces  marked  by  ripples,  which 
have  resulted  from  the  action  of  the  wind  on  shallow  water.  Ripples  of  another 
character  also  occur,  and  these  have  been  produced  by  the  influence  of  small  rills 
traversing  a  muddy  ehore.  Tracks  which  have  originated  from  the  wanderings  of 
crustaceans  likewise  make  their  appearance  on  the  surface  of  the  sandstones,  and  with 
these  are  found  associated  the  sinuous  tracks  of  annelids,  as  well  as  the  pitted  hoUovs 
which  form  the  entrances  into  the  burrows  of  these  animals.  Pseudomorphic  crystals 
of  salt  are  also  exhibited  in  the  state  of  small  pyramidal  elevations  on  the  under  sides 
of  the  sandstones,  affording  evidence  of  natural  salt-pans  on  this  Triassic  shore.  Small 
pittings  mark,  in  many  instances,  the  faces  of  the  sandstones,  and  the  surfaces  repo- 
sing upon  these  pitted  faces  manifest  little  dome-like  elevations.  These  have  arisen 
from  the  effect  of  rain-drops,  in  most  instances  of  a  small  sise,  resulting  from  fine 


TRANSACTIONS  OF  THE  SECTIONS.  69 

rain ;  in  some  instances,  however,  oblong  impressions  make  their  appearance,  and 
they  are  the  results  of  heavy  drifting  rain.  AH  the  physical  conditions  on  these 
ancient  shores  are  such  as  we  find  under  favourable  circumstances  on  the  sandy  and 
muddy  coast  of  our  present  seas. 

On  a  Model  illustrative  of  Slaty  Cleavage. 
By  the  Rev.  Professor  Haughton,  M.A.,  M.R.I*A. 
^  This  model  was  intended  to  illustrate  Mr.  Haughton 's  views  respecting  the  distor- 
tion of  fossils  by  cleavage.  It  was  made  of  zinc,  and  represented  one-eighth  part  of 
the  ellipsoid  of  compression.  A  moveable  zinc  quadrant  might  be  placed  in  different 
positions  in  the  model,  and  thus  show  the  manner  in  which  the  line  of  greatest  elonga- 
tion of  the  fossils  shifted  with  the  intersection  of  cleavage  and  bedding. 

Mr.  Haughton  stated  that  in  all  the  rocks  he  had  hitherto  examined,  the  ellipsoid 
of  compression  was  very  nearly  oblate,  with  its  short  axis  perpendicular  to  the  planes 
of  cleavage.  ■ 

On  Fossil  Stems  allied  to  Stigmaria,  recently  obtained  from  the  Upper  Beds 
of  the  Old  Bed  Sandstone  of  Booh  Point,  Co.  Wexford.  By  the  Rev. 
Professor  Haughton,  M.A.,  M.R.LA. 

It  is  well  known  to  geologists  that  many  plants  of  the  genera  Stigmaria,  Ltpido- 
dendron,  Knorria,  Sigiltario,  &c,  have  recently  been  found  on  this  geological  horizon 
in  Donegal,  Mayo,  Kilkenny,  Cork,  and  Wexford. 

The  specimens  found  at  Hook  Point  are  generally  in  very  bad  preservation.  Those 
exhibited  by  Professor  Haughton  showed  the  structure  of  the  stem  well-preserved. 
There  must  have  been  a  central  bundle  of  vascular  tissue,  more  or  less  woody ;  a 
hollow  stem,  and  a  thick  bark ;  the  latter  being  connected  with  the  central  vascular 
column  by  oblique  spinous  bundles  analogous  to  the  medullary  rays  of  CalamiteB. 

In  the  specimens  exhibited  by  Prof.  Haughton,  the  central  vascular  column  was 
represented  by  a  hollow  tube  filled  with  coaly  matter  and  surrounded  by  the  sandstone 
cast  of  the  hollow  stem,  outside  of  which  again  appeared  the  carbonaceous  remains 
of  the  bark  of  the  stem,  with  the  spinous  processes  on  its  inner  surface.  On  the 
whole  he  considered  these  obscure  remains  of  the  earliest  vegetation  of  Ireland  to  be 
allied  to  Stigmaria  more  closely  than  to  any  other  fossil  genus,  and  he  believed  that 
there  were  some  peculiarities  in  these  plants  which  would  amply  repay  a  careful  study. 

Accompanying  the  plant  beds  at  Hook,  was  a  thin  bed  of  anthracitic  coal,  about 
2  inches  thick,  the  stems  being  found  in  the  soft  sandstone  beds  both  above  and  below 
the  coal  seam.  The  stems  were  sometimes  2  feet  long,  and  always  terminated 
abruptly  in  the  rock. 

In  conclusion,  Prof.  Haughton  stated  that  geologists  present  at  the  Meeting  would 
be  able  to  form  an  excellent  idea  of  the  yellow  sandstone  flora  by  visiting  the  Museum 
of  the  Geological  Survey,  Royal  Dublin  Society,  and  Trinity  College,  all  of  which 
contained  fine  specimens  of  these  plant  remains. 

On  the  Existence  of  Forces  capable  of  changing  the  Sea-level  during  different 
Geological  Epochs.    By  Professor  Hennessy,  M.R.I.A. 

If,  in  assuming  its  present  state  from  an  anterior  condition  of  entire  fluidity,  the 
matter  composing  the  crust  of  the  earth  underwent  no  change  of  volume,  the  direction 
of  gravity  at  the  earth's  surface  would  remain  unaltered,  and  consequently  the  general 
figure  of  the  liquid  coating  of  our  planet.  If,  on  the  contrary,  as  we  have  reason  to 
believe,  a  diminution  of  volume  should  accompany  the  change  of  state  of  the  mate- 
rials of  the  earth  from  fluidity  to  solidity,  the  mean  depth  of  the  ocean  would  undergo 
gradual,  though  small  alterations,  over  its  entire  extent  at  successive  geological  epochs. 
This  result  is  easily  deduced  frura  the  general  views  contained  in  other  writings  of  the 
author,  whence  it  appears,  that  if  the  surface  stratum  of  the  internal  fluid  nucleus  of 
the  earth  should  contract  when  passing  to  the  solid  state,  a  tendency  would  exist  to 
increase  the  ellipticity  of  the  liquid  covering  of  the  outer  surface  of  the  crust.  A 
very  small  change  of  ellipticity  would  suffice  to  lay  bare  or  submerge  extensive  tracts 
of  the  globe.  If,  for  example,  the  mean  ellipticity  of  the  ocean  increased  from  y^  to 
Tfa,  the  level  of  the  sea  would  be  raised  at  the  equator  by  about  278  feet,  while  under 
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the  parallel  of  52*  it  would  be  depressed  by  196  feet.  Shallow  seas  and  banks  in  the 
latitudes  of  the  British  Isles,  and  between  them  and  the  pole,  would  thus  be  converted 
into  dry  land,  while  low-lying  plains  and  islands  near  the  equator  would  be  submerged. 
'  If  similar  phenomena  occurred  during  early  periods  of  geological  history,  they  would 
manifestly  influence  the  distribution  of  land  and  water  during  these  periods ;  and  with 
such  a  direction  of  the  forces  as  that  referred  to,  they  would  tend  to  increase  the  pro- 
portion of  land  in  the  polar  and  temperate  regions  of  the  earth,  as  compared  with  the 
equatorial  regions  during  successive  geologicalepochs.  Such  maps  as  those  published 
by  Sir  Charles  Lyell  on  the  distribution  of  land  and  water  in  Europe  during  the  ter- 
tiary period,  and  those  of  M.  Elie  de  Beaumont,  contained  in  Beudant's  'Geology,' 
would,  if  sufficiently  extended,  assist  in  verifying  or  disproving  these  views. 


On  the  Conductivity  of  various  Substances  for  Heat. 
By  William  Hopkins,  ilf.il.,  LL.D.,  F.R.8. 

The  author  gave  an  account  of  the  results  of  numerous  experiments  which  he 
had  recently  made  on  the  conductive  powers  of  various  substances  for  heat.  To 
explain  the  object  of  these  experiments,  he  stated  that  if  a  globe  of  very  large  dimen- 
sions, like  the  earth,  were  heated  in  any  manner  and  in  any  degree,  and  then  left  to 
cool  by  the  radiation  of  heat  from  the  surface,  the  temperature  of  the  mast  at  points 
not  too  remote  from  its  surface,  and  after  a  great  lapse  of  time,  would  follow  a  very 
simple  law, — the  increase  of  temperature  in  descending  below  the  surface  would  be 
proportional  to  the  increase  of  depth  — supposing  the  conductive  power  of  the  mas 
to  be  the  same  throughout  But  if  a  stratum  of  another  substance  (as  sedimentary 
matter  for  instance  in  the  case  of  the  earth)  should  be  superimposed  on  the  sphere, 
its  horizontal  extent  being  large  in  proportion  to  its  thickness,  the  rate  of  increase  of 
temperature  in  descending  within  this  stratum,  would  be  greater  or  Uu  than  in  the 
other  parts  of  the  sphere,  according  as  the  conductive  power  should  be  less  argreattr. 
It  would  be  very  approximately  in  the  inverse  proportion  of  the  conductive  power. 
The  principal  object  of  these  experiments  was  to  ascertain  whether  such  be  the  case 
or  not. 

The  conductive  powers  of  lime,  clay,  and  sand,  in  the  state  of  dry  powder,  are  in 
the  order  in  which  they  are  now  mentioned.  Calcareous  rocks  from  dry  chalk  to  bard 
mountain  limestone  vary  in  their  conductive  powers  (on  the  numerical  scale  adopted) 
from  1*7  to  5*5 ;  dry  sandstone  rocks  from  2*5  to  7'5 ;  granite  and  very  hard  com- 
pact felspathic  rocks  from  5  to  10. 

Hence  it  follows,  that  if  the  temperature  observed  at  present  in  mines,  Artesian  wells, 
&c.  be  entirely  due  to  heat  transmitted  from  a  central  nucleus,  the  rate  at  which  tbe 
temperature  increases  in  descending  below  the  surface  of  the  earth,  ought  to  be  very 
different  in  different  formations,  ft  appears,  however,  that  this  rate  in  those  mining 
shafts  and  Artesian  wells  which  have  penetrated  to  the  greatest  depths,  and  in  which 
the  observations  are  most  trustworthy,  in  different  parts  of  Western  Europe,  is  nearly 
the  same  in  different  formations.  The  author  compared  the  two  cases  of  the  Puis  de 
Grenelle  at  Paris,  and  a  vertical  coal  shaft  at  Dnckenfield  nearManchester.  He  esti- 
mated the  conductive  power  in  the  former  case  at  one-half  of  that  in  the  latter,  while 
it  was  found  by  observation  that  there  was  an  increase  of  1°  P.  for  every  60  feet  of 
depth  in  the  former,  and  for  about  64  feet  in  the  latter  instance ;  whereas  these  depths, 
instead  of  being  in  the  ratio  of  60  :  64,  ought,  according  to  the  theory,  to  be  in  tbe 
ratio  of  60  :  120,  This  proves  that  the  temperatures  observed  in  these  cases  cannot 
be  due  merely  to  heat  transmitted  from  the  interior  of  the  earth  by  ordinary  conduc- 
tion. 

The  author  stated  also  that  he  had  investigated  the  influence  of  induration,  pres- 
sure, moisture,  and  discontinuity,  on  the  conductive  powers  of  various  substances, 
referring  for  details  to  a  paper  lately  read  before  the  Royal  Society. 


On  the  Geological  Strucinre  of  the  Dingle  Promontort/,  Co.  Kerry.    %  J. 
Beete  Jukes,  Mji.y  F.R.S.,  M.R.LA. ;  and  G.  V.  bu  Noter,  M.RJ.A. 

The  authors  stated  that  the  object  of  this  paper  was  twofold ; — 1st,  to  describe  the 
very  singular  and  interesting  structure  of  the  district,  and  2ndly,  to  point  out  a  very  ira- 
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portant  bearing  which  it  had  on  the  general  classification  of  the  rocks  between  the  top 
of  the  Silurian  and  the  bottom  of  the  carboniferous  formations,  usually  classed  as  one 
thing  under  the  terms  of  Old  Red  Sandstone,  or  Devonian  Rocks. 

Along  the  extreme  western  coast,  between  Sibyl  Head  and  Slea  Head,  a  distance 
of  six  miles,  a  nearly  continuous  section  may  be  seen,  consisting  chiefly  of  red  and 
greenish  slates,  sandstones  and  conglomerates,  all  dipping  to  the  south  at  an  angle  of 
about  60°,  except  the  red  sandstones  and  conglomerates  of  Sibyl  Head,  which  dip  to 
the  north,  and  repose  unconformably  on  other  red  sandstones  and  conglomerates,  the 
age  of  which  is  doubtful. 

Between  Ferriter's  Castle  and  Doonquin  the  rocks  are  full  of  Upper  Silurian  fossils, 
and  contain  interstratified  beds  of  contemporaneous  traps  and  ashes,  principally  fold- 
spathic.  By  means  of  these  peculiar  beds,  an  inverted  S-like  contortion  or  anticlinal 
and  synclinal  curve  may  be  traced  about  Clogher  Head;  and  if  we  take  a  certain  baud 
of  red  sandstone  and  fine  conglomerate  interstratified  with  thin  ash- beds  as  a  boun- 
dary, the  fossils  found  below  are  more  peculiarly  Wenlock  species,  while  those  above 
arc  Ludlow,  including  in  some  places  an  abundance  of  Pentamerus  Knightii. 

The  following  fossils,  as  determined  by  Mr.  Salter,  occur  in  the  lower  or  Wenlock 
groups— 
Zoophyta. — Favosites  polymorpha,  alveolaris ;  Leperditia  balthica ;  Halysites  catenu- 

latus;  Alveolites  De  la  Bechei;  Syringopora  ramulosa;  Omphyma  turbinatum. 
lirachiopoda. — Strophomena  depressa,  euglypha,  compressa,  pectcn;  Athyris  tumida; 

Rhyuchonella  nucula,  navicula ;  Orthis  efegantula,  caligramma,  rustica ;  Spirifer 

trapezoidal  is,  bijugosus ;  Atrypa  reticularis. 
Cotic/ii/era.^-Pter'nissa  retroflexa,  orbicularis,  planulata,  &c.j  Avicula  lineata;  Gram- 

myria  cingulata,  &c. 
Gasteropoda. — Euomphalus  funatus,  alatus,  lautus ;  Acroculia  Haliotis ;  Murchiaonia 

articulata?. 
Crustacea. — Calymene  Blumenbachii ;  Lichas  anglicus,  Barrandii;  Encrinurus  punc- 

tatus. 

In  the  Upper  or  Ludlow  group,  the  following  species  occur  according  to  the  same 
authority : — 
Zoophyta. — Favosites  mnltiporata,  alveolaris;  Heliolites  interstinctus,  var.  Megas- 

toma ;  Steuopora  fibrosa ;  Syringopora  filiformis. 
lirachiopoda. — Rhynchonella  Wilsoui,  navicula;  Orthis  filosa,  elcgantula;  Atrypa 

reticularis;  Athyris  tumida ;  Spirifer  elevatus  ;  Strophomena  filosa ;  Pentamerus 

Knightii,  galeatus. 
Coachtfera. — Avicula  reticulata ;  Pterinsa  rectangularis ;  Orthonota  rigida ;  Gonio- 

pliora  cymbaeformis. 
Gasteropoda. — Euomphalus  funatus. 
Crustacea. — Phacops  caudatus. 

This  Upper  or  Ludlow  band  strikes  from  Doonquin  into  the  interior,  forming  the 
hill  or  Croaghmarin,  and  the  adjacent  ground.  Over  it  may  be  seen  a  set  of  red 
shale*  and  sandstones  800  or  1000  feet  thick,  which  may  be  considered  as  passage 
beds  from  the  Ludlow  into  the  overlying  rocks,  and  thus  representing  the  Tilestones 
of  South  Wales.  These  pass  gradually  upwards  into  a  great  mass  of  pale  green  and 
dull  purple  grits  and  slates,  which,  in  conjunction  with  Mr.  Griffith,  the  authors  call 
the  GlenganfT  grits.  These  beds  are  about  6000  feet  thick ;  they  contain  no  fossils, 
but  have  occasional  calcareous  bands  like  the  Cornstones  of  South  Wales  and  Here- 
ford, and  are  believed  to  be  contemporaneous  with  the  Cornstone  group  of  the  Old 
Red  Sandstone  of  that  district. 

Above  the  Glengariff  grits  come  a  nearly  equally  thick  series  of  bright  red  slates 
and  sandstones,  with  thick  beds  of  coarse  conglomerate,  containing  pebbles  of  calca- 
reous grit  which  have  fossils  belonging  to  the  Llandovery  sandstone,  such  as  Penta- 
merus oblongus,  Petraia  bina,  Cyclolites  lenticularis,  Strophomena  depresta,  Encri- 
nurus punctatus,  $c. 

In  addition  to  these  are  many  nearly  angular  fragments  of  felspathic  traps  and 
ashes,  and  pieces  of  Silurian  grits  and  slates.  These  beds,  which  are  excellently  shown 
along  the  shores  of  Dingle  Harbour  and  the  neighbourhood,  arc  now  called  the  Dingle 
beds.  So  far  the  continuous  succession  of  conformable  deposits  is  apparently  unbroken, 
and  may  be  tabulated  as  follows : — 
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Feet. 


n        .        /5.  Dingle  beds 5000 

Devoman-l4.  Glengariffgrite 6000 

Transition.     3.  Tilestones 1000 

c-i  ,«••„       J  2.  Ludlow  rocks 

bilunan.      j  x    Weulock  rocks 

There  are  now  two  anomalous  localities  to  be  noticed : — 1st.  East  of  Dingle  Har- 
bour, at  Coosathurig,  near  Bull  Head,  some  rocks  consisting  of  red  and  green  grits 
and  slates,  often  calcareous,  make  their  appearance,  containing  many  common  Wen- 
lock  fossils,  such  as  Halysites  catenulatus,  Atrypa  reticularis,  &c*  Over  these 
is  a  good  thickness  of  black  slates,  in  which  nothing  but  fragments  of  encrinite 
Btems  have  been  found.  These  two  sets  of  beds  strike  directly  E.N.E.  from  Ball 
Head  and  Minard  towards  Cahirconree,  and  have  on  their  northern  side  an  equally 
straight  parallel  band  of  "  Dingle  beds"  dipping  towards  them,  and  as  seen  at  two 
localities  abutting  against  them,  either  brought  against  them  by  a  fault,  or  by  some 
curious  and  distorted  unconformabiiity.  The  second  anomalous  locality  is  north  of  Fer- 
riter's  Cove,  between  Ferriter's  Castle  and  Sibyl  Head,  where  thick  masses  of  pale 
salmon-coloured  sandstone  with  some  conglomerate  appear  to  dip  under  the  Wenlock 
rocks,  and  would  therefore  occupy  the  place  of  the  Llandovery  sandstone,  to  which  at 
first  they  were  assigned.  This  assumption,  however,  involves  the  supposition  of  rath 
enormous  faults  in  other  parts  of  the  district,  that  it  has  been  thought  better  to  tup- 
pose  them  to  be  a  slightly  modified  form  of  the  group  lying  over  the  Ludlow  rocks 
(that  which  represents  the  Tiles  tone  3^),  and  brought  down  against  the  lowerpart  of 
the  Wenlock  by  a  fault  running  through  Smerwick  Harbour  about  E.N.E.  and  W.S.W. 
Many  faults  are  proved  to  exist  in  the  district  S.  of  Ferriter's  Cove,  and  one  or  two 
of  great  magnitude  running  E.N.E.,  or  nearly  so  from  that  neighbourhood,  across 
the  Mount  Brandon  range  parallel  to  the  axes  of  the  anticlinal  and  synclical  curves 
mentioned  before.  Over  the  whole  of  these  highly  inclined  and  dislocated  rocks 
sweeps  another  great  mass  of  red  sandstone  and  conglomerate,  attaining  in  some 
places  a  thickness  of  more  than  3000  feet,  resting  quite  unconformably  on  everything 
below,  but  dipping  quite  conformably  under  the  lower  beds  of  the  carboniferous  lime- 
stone, wherever  that  formation  is  to  be  seen,  namely,  on  the  north  about  Castlegregorr, 
on  the  north-cast  and  east  about  Tralee,  and  on  the  south-east  about  Castferaain. 
Rising  from  underneath  the  lowland  of  the  neighbourhood  of  Tralee  and  Castle  Island, 
this  undoubted  Old  Red  Sandstone  gradually  swells  up  into  a  broad  anticlinal  ridge, 
the  summit  of  which  attains  an  elevation  of  2700  feet  in  Baurtreganm  and  Cahirconree. 
Between  those  two  eminences  n  deep  glen  has  been  eroded  in  it,  known  as  Derrymore 
Glen,  at  the  bottom  of  which  grey  slates  and  sandstones  are  formed,  containing  Upper 
Silurian  fossils ;  and  to  the  west  of  Cahirconree  a  broad  longitudinal  valley,  which  may 
be  called  that  of  Anascaul,  has  been  eroded  along  the  anticlinal  axis  of  the  Old  Ktd 
Sandstone,  in  which  valley  can  be  seen  the  rocks  previously  mentioned  as  striking  from 
Cahirconree  to  the  coast  at  Minard.  On  the  south  side  of  this  valley  the  Old  Red 
Sandstone  proper,  resting  unconformably  on  the  lower  rocks,  contains  a  curious  local 
conglomerate  full  of  angular  and  rounded  blocks  of  mica-schist,  a  rock  not  known  « 
situ  anywhere  in  the  neighbourhood.  It  is  200  feet  thick  in  Derrymore  Glen,  but 
thins  out  to  six  feet  near  Minard  Head.  This  mica-schist  conglomerate  is  not  seen 
in  the  Old  Red  north  of  the  Anascaul  valley,  where  that  rock  forms  a  bold  and  strong 
unconformable  capping  to  many  of  the  hills,  and  has  several  outlying  patches  forming 
the  summits  of  pcakj.  One  of  these  outlying  patches  also  occurs  on  the  south  side, 
resting  on  Bull  Head,  within  four  miles  of  Dingle  Harbour,  being  its  furthest  west 
extension  on  the  south  side  of  the  promontory,  while  on  the  north  side  the  Old  Red 
Sandstone  forms  the  capping  of  the  ridge  over  Lough  Anascaul,  sweeps  round  Brandon 
Bay,  forms  Brandon  Head,  and  runs  off  thence  in  a  direct  straight  line  for  eighteen 
miles,  dipping  N.N.W.  at  65°,  and  forming  all  the  headlands  that  come  within  its 
boundary  from  Brandon  Head  to  the  northern  Blasket  Island. 

In  the  map  of  the  promontory  of  Dingle,  it  may  be  likened  to  the  broken  crust  of 
a  pasty,  through  the  fractures  and  holes  of  which  the  lower  rocks  become  visible,   it 

*  Mr.  Salter,  from  some  fossils  collected  here,  believes  these  beds  to  be  lower  than  any  seen 
at  Ferriter's  Cove. 
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appears,  then,  from  this  description,  that  above  the  Upper  Silurian  rocks,  containing 
true  Ludlow  fossils,  and  having  a  thickness  of  3000  or  4000  feet,  red  rocks  set  in  quite 
conformable  to,  and  graduating  into  these  upper  Silurian  rocks,  and  that  these  red  rocks 
have  a  total  thickness  of  10,000  or  12,000  feet.  So  far  the  facts  are  in  exact  accordance 
with  those  of  the  typical  Silurian  district  of  South  Wales,  &c,  and  the  GlengarifF  grits 
and  Dingle  bed"  may  be  placed  on  a  parallel  with  the  Cornstone  group  of  Siluria  and 
the  Ccphalaspis  beds  of  Scotland.  Unfortunately  this  identification  has  not  been  con- 
firmed by  the  discovery  of  any  fragments  of  Cephalaspis  or  other  fish  remains  in  the 
Dingle  district,  but  it  is  one  that  few  persons,  perhaps,  will  be  inclined  to  dissent  from. 
Unlike  Siluria,  however,  instead  of  being  covered  in  apparent  conformity  by  red 
sandstone  and  conglomerates  forming  part  of  an  apparently  continuous  series,  the 
GlengarifF  grits  and  Dingle  beds  are  totally  separated  in  the  Dingle  promontory  from 
these  overlying  sandstones  and  conglomerates  by  as  complete  a  discordance  of  position 
ns  can  anywhere  be  seen,  even  between  the  Trias  or  New  Red  Sandstone,  forming  the 
base  of  the  Secondary,  and  the  Carboniferous,  Silurian,  or  other  Palaeozoic  rocks.  It 
certainly  seems  to  the  authors  impossible  to  group  these  two  entirely  separated  and 
discordant  things  under  one  name  like  that  of  Old  Red  Sandstone,  and  advisable  to  give 
them  two  separate  names. 

If  the  upper  red  sandstones  and  conglomerates  which  pass  conformably  upwards 
into  the  base  of  the  true  carboniferous  rocks  should  retain  the  name  of  the  Old  Red 
Sandstone,  some  other  designation  should  be  given  to  the  GlengarifF  grits  and  Dingle 
beds.  If  we  call  them  Devonian,  it  follows  that  the  terms  "  Old  Red  Sandstone"  and 
"Devonian"  can  no  longer  be  considered  synonymous;  if,  on  the  other  hand,  we 
keep  those  names  as  synonymous,  then  some  other  term  must  be  introduced  to  desig- 
nate the  GlengarifF  grits  and  Dingle  beds  of  Ireland,  and  the  Cornstone  group  of 
Siluria  and  Cephalaspsis  beds  of  Scotland.  The  Old  Red  Sandstone,  which  passes  con- 
formably up  into  the  carboniferous  rocks,  may  then  be  considered  as  the  true  base  of 
that  system,  and  with  it  may  be  classed  the  red  sandstones  and  conglomerates  having 
over  them  yellow  sandstones  often  containing  plants,  which  underlie  the  carboniferous 
slates  and  lower  limestone  shales  of  South  Ireland,  South  Wales,  and  South  England, 
the  scraps  of  old  red  sandstones  found  here  and  there  under  the  carboniferous  lime- 
stone of  North  Wales  and  North  England,  and  also  the  Upper  Old  Red  or  Yellow  sand- 
stone of  Scotland,  containing  Holoptychius  nobilissimus,  Cyclopteris  (Sphenopteru) 
Ilibernica,  &c. 

The  Middle  Old  Red  of  Scotland,  or  Cephalaspis  beds  of  Miller,  and  also  the  Lower 
Old  Red  or  Pterichthys  beds  of  the  same  author,  can,  if  the  author's  views  be  correct, 
no  longer  be  considered  as  Old  Red  Sandstone  at  all.  What  position  the  true  Devonian 
rocks  of  Devonshire  and  the  Eifel  beds  of  the  Rhine  will  occupy  with  respect  to  the 
two  groups  of  red  sandstone  and  conglomerate  (the  one  capping  the  Silurian,  and  the 
other  forming  the  base  of  the  carboniferous),  is  still  uncertain.  They  may  be  either 
wholly  or  in  part  the  contemporaries  of  the  one  or  the  other,  or  they  may  be  inter- 
mediate between  the  two,  deposited  perhaps  in  the  long  interval  which  in  the  Dingle 
district  was  occupied  by  the  elevation  and  contortion  and  great  denudation  of  the 
lower  group,  and  the  exposure  of  the  Silurian  rocks  on  which  they  rested. 

Notes  on  the  Old  Red  Sandstone  of  South  Wales. 
By  J.  Beete  Jukes,  MA.,  F.R.S.,  M.R.I.A. 

After  examining  the  work  of  the  Geological  Survey  of  the  Dingle  district,  and  seeing 
that  the  rocks,  which  by  most  geologists  would  be  considered  to  be  Old  Red  Sandstone, 
were  there  apparently  conformable  at  their  base  to  the  top  of  the  Upper  Silurian  rocks 
containing  Ludlow  fossils,  and  conformable  at  their  top  to  the  base  of  the  carbonife- 
rous rocks,  while  they  were  themselves  separated  into  two  groups  by  an  utter  discord- 
ance and  wide  unconformity  in  their  centre,  the  author  took  a  very  hasty  run  on 
leave  of  absence  into  South  Wales,  for  the  purpose  of  seeing  whether  any  thing  similar 
could  be  discovered  there,  if  the  country  were  to  be  re-examined  with  that  express 
object  The  short  time  at  his  disposal  compelled  him  to  confine  his  observations  to 
three  districts:— 1st,  the  country  about  Llandeilofawr,  and  thence  to  Llandovery; 
2ndly,  the  Beacons  of  Brecon ;  3rdly,  the  valley  of  the  Usk,  south  of  Abergavenny  and 
east  of  Pontypool. 
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He  exhibited  a  sketch  section  through  each  of  these  localities,  which  gave  at  a 
result  the  following  facts : — 

1st.  Near  Llandeilo  the  Upper  Siluriau  beds  are  capped  by  a  narrow  band  of  tctj 
micaceous  yellowish  flags  and  grits,  occasionally  cong lorn eri tic,  and  frequently  fossili- 
ferous.  Below  these  are  dull  red  and  purple  beds,  alternating  with  grey  slates  sod 
grits  near  Llangaddock,  of  which  the  following  section  is  given  oy  Sir  H.  De  la  Bccbe 
(Memoirs  of  Geological  Survey,  vol.  i.  p.  23) : — 

Feet. 

Red  sandstones,  hard  and  soft 600 

Purple  and  red  conglomerate  and  sandstone 65 

Ditto,  with  micaceous  bands,  fossiliferous   ......      40 

Purplish  grey  thin  micaceous  sandstone 40 

Ditto,  fossiliferous 330 

Line  of  red  conglomerate 

1075 

Below  are  about  2000  feet  of  Upper  Silurian  rocks  of  the  ordinary  blue  and  grey 
colours. 

Above  this  band  of  micaceouB  flags,  here  and  elsewhere,  for  a  distance  of  many 
miles,  blood-red  marls  and  shales  set  in,  alternating  with  red  sandstones,  and  fre- 
quently containing  beds  of  the  red  or  greenish  or  mottled  calcareous  sandstones, 
or  concretionary  limestones  known  as  Cornstones.  These  beds  are  frequently  awl 
excellently  shown  over  a  band  of  country  a  mile  wide  and  twelve  miles  long,  from 
Middleton  Hall  to  the  Sawdde,  near  Llangaddock,  and  always  vertical,  or  nearly  so. 
Between  them  and  the  escarpment  of  the  carboniferous  limestone,  to  the  south  is  a 
narrow  richly-wooded  valley  in  which  little  or  nothing  could  be  seen,  except  near 
Caatell  Cwm  Cennen,  where  a  mass  of  carboniferous  limestone  is  brought  down  by 
a  fault  close  against  some  of  these  vertical  beds  dipping  at  them  at  20°,  the  Old  Red 
Sandstone  between  this  detached  lump  and  the  escarpment  of  carboniferous  limestone 
being  gently  arched  and  contorted,  and  then  dipping  conformably  under  the  carboui- 
ferous  rocks,  which  it  was  seen  to  do  everywhere  in  the  neighbourhood. 

Six  miles  east  of  Llangaddock,  in  the  glen  of  Llechclawdd,  these  same  rocks  with 
strong  cornstone  bands  dip  S.E.  at  70°;  but  on  proceeding  into  the  red  district,  the 
angle  soon  flattens  to  45°  and  20°,  but  without  any  appearance  of  want  of  conformity, 
while  further  on,  five  miles  east  by  south  of  Llandovery,  Silurian  rocks  and  Old  Red 
Sandstone  alike  lower  their  angles  of  dip  to  30°  or  40P;  and  as  we  proceed  towards 
Brecknock,  the  Old  Red  Sandstone  beds  containing  the  Cornstones  undulate  in  various 
directions,  at  angles  never  exceeding  5°  or  10°. 

What  may  be  the  exact  nature  of  the  overlap  towards  the  west  of  the  red  rocks 
over  the  Upper  Siluriau,  and  of  the  upper  part  of  the  red  rocks  over  the  lower  part  of 
the  same,  and  finally  of  the  carboniferous  rocks  over  the  Old  Red  till  the  coal-measurvs 
rest  directly  on  the  Lower  Silurian,  he  had  no  time  to  inquire. 

2ndly.  A  walk  across  the  Beacons  of  Brecon  showed  that  from  the  Cornstones  deep 
down  in  the  Old  Red  Sandstone  to  the  base  of  the  carboniferous  limestone,  there  w*s 
no  apparent  break.  Red  marls  occurred  throughout,  containing  brown  and  grey 
flagstones  and  sandstones  with  no  conglomerate  worthy  of  the  name,  all  dipping 
south  at  about  5°. 

3rdly.  On  examining  the  narrow  valley  of  the  Usk,  however,  near  Pontypool,  the 
Upper  Silurian  rocks  were  found  to  differ  greatly  from  those  near  Llandeilo  and  Llan- 
dovery. There  were  no  red  beds  in  them,  no  appearance  of  any  graduation  betueen 
them  and  the  Old  Red  Sandstone,  and  finally  they  either  plunged  at  high  angles  with 
some  contortion  and  obliquity  towards  the  valley  of  Old  Red,  or  as  at  one  place  dipped 
directly  from  it  at  25°  close  to  the  boundary,  while  the  Old  Red  Sandstone  inclined 
towards  the  carboniferous  escarpment,  at  angles  varying  from  10°  to  3(1°.  Here  then 
there  appeared  to  be  a  possibility,  at  all  events,  of  an  unconformity  between  the  Old 
Red  Sandstone  and  the  Upper  Silurian,  and  a  possible  concealment  therefore  of  the  lower 
beds  of  the  Old  Red  Sandstone,  which  have  a  conformable  junction  with  the  uppermost 
beds  of  the  Ludlow  rocks,  beneath  the  unconformable  beds  of  the  Upper  Old  Red. 

This  conclusion,  though  based  on  very  slender  evidence,  is  strengthened  by  the  fact 
of  the  section  here  giving,  with  all  allowances,  a  thickness  of  only  2500  feet  for  the 
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Old  Red  of  this  locality,  while  the  section  through  the  Beacons  of  Brecon  shows  3000 
feet  for  the  beds  abore  the  Corastones,  and  those  near  Dandeilo  at  least  5000  feet  for 
the  vertical  beds  of  the  Cornstone  group,  without  reckoning  the  upper  gently  inclined 
beds  near  the  escarpment  of  the  carboniferous  limestone.  The  tortuous  boundary  of 
the  Upper  Silurian  and  Old  Red  in  the  valley  east  of  Pontypool  forbids  the  supposition 
of  its  being  a  fault 

As  a  general  result,  the  author  stated  his  belief  that  it  was  possible  the  Old  Red 
Sandstone  (so  called)  of  South  Wales  might  be  really  two  things,  just  as  the  New  lied 
Sandstone  of  former  days  is  now  believed  to  be  two  things,  although  it  is  probable  that 
from  their  similarity  of  character  their  separation  may  be  more  difficult  in  the  Old  than 
it  has  been  in  the  New,  and  may  perhaps  be  found  to  be  impossible. 

Mr.  J.  B.  Jukes  exhibited  and  described  the  one-inch  Geological  Map  of  Ireland, 
as  far  as  published.  

On  the  Geology  of  Lambay  Island.    By  Messrx.  Jukes  and  Dv  Noyer. 


On  the  Valentin  Trap- District.    By  G.  H.  Kinahan. 

These  traps  occur  in  the  Glengariff  grit  formation,  and  seem  to  hare  been  con- 
temporaneous with  the  aqueous  beds.  On  the  mainland,  and  on  part  of  Begenibh, 
they  are  conformable ;  and  on  the  rest  of  Begenish,  and  on  the  Island  of  Valentia, 
they  are  unconformable.  The  lowest  place  in  the  formation  where  they  are  observed 
is  to  the  south  of  Beenakeyraka,  where  they  make  their  appearance  as  a  dyke.  It  is 
then  lost  under  the  bog  and  drift,  but  is  seen  again  when  we  go  east,  at  the  north  of 
Glanleam,  the  seat  of  the  Knight  of  Kerry.  On  Begenish,  and  the  mainland,  wc 
meet  with  six  different  volcanic  periods.  The  first  is  greenish-white  compact  felstone, 
which  seems  to  be  very  local,  as  it  is  only  met  with  at  one  place.  Second:  green- 
stone ash,  which  seems  to  have  been  very  general,  as  it  is  found  everywhere  but 
on  the  mainland.  Third :  felstone,  either  blue,  black,  or  greenish.  It  is  generally 
separated  from  the  last  by  a  bed  of  altered  slate,  and  has  always,  except  on  the  main- 
land,  a  bed  of  altered  slate  on  the  top  of  it.  This  bed  of  felstone  is  found  every- 
where when  we  get  a  section.  Fourth :  the  great  igneous  action  of  the  period,  which 
is  a  greenstone  more  or  less  felspathic.  The  centre  of  action  would  seem  to  have 
been  at  the  east  of  Begenish,  as  here,  where  the  fault  is  marked,  there  is  an  uncon- 
rbrm ability.  It  would  seem  also  to  have  been  near  this  place  that  the  vent  of  the 
previous  irruptions  had  taken  place,  as  they  are  all  represented  here.  The  dyke  in 
Valentia  would  seem  to  be  the  feeder  that  supplied  this  greenstone.  It  runs  under 
the  Quarry  Hill,  not  making  its  appearance  from  Beenakeyraka  until  you  come  to  the 
north  of  Glanleam,  where  it  is  lost  in  the  sea  opposite  the  Begenish  traps.  This  bed 
is  also  found  on  the  mainland,  and  can  be  traced  inland  for  about  a  mile.  In  places 
it  is  in  regular  columns,  and  everywhere  has  a  tendency  to  be  columnar.  Fifthly : 
compact  felstone  of  a  dark  blue  or  purplish  colour.  It  is  found  lying  on  the  top  of 
the  greenstone,  but  dies  out  as  we  go  east.  To  the  north  it  is  slightly  hornblendic, 
but  everywhere  else  it  is  a  compact  felstone.  Sixthly :  trappean  breccia,  which  lies 
on  the  top  of  the  last.  It  is  made  up  of  pieces  of  all  the  foregoing  traps,  along  with 
slates  and  grits,  imbedded  in  a  green  matrix.  At  Laght  Point,  and  at  the  south-east 
of  Begenish,  there  is  a  slight  inversion. 

On  the  Zoological  Relations  of  the  Cambrian  Rocks  of  Bray  Head  and 
Howth.    By  Professor  J.  R.  Kinahan,  MJD^  M.R.I.A. 

These  rocks  can  be  no  longer  loeked  on  as  azoic,  as  in  these  two  localities  they  will 
be  found  full  of  traces  of  organic  life  of  three  types  at  least.  1st.  Zoophytic :  Old- 
hamia,  of  two  species,  which  occurs  in  immense  beds  in  Bray,  Co.  Wicklow,  and 
sparingly  at  Howth,  Co.  Dublin,  where  it  was  first  discovered  by  the  author  in 
1857.  2nd.  Annelidan:  tracks  of  wandering  worms,  Arenicoliles,  arranged  in  the 
same  direction  as  the  bedding  found  both  at  Howth  and  Bray.  Worm  burrows,  ver- 
tical to  the  bedding,  and  arranged  in  pairs  similar  to  those  in  the  Longmynd. 
Worm-tubes  of  a  new  type,  for  which  the  name  of  UUUodenna  ffWermcum  was  sug- 
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gested.  These  are  the  membranous  tubes  of  a  tentaculated  worm,  which  inhabited  a 
trumpet-shaped  burrow,  bent  up  at  the  lower  end:  this  occurs  at  Bray  abundantly  is 
a  Cambrian  sea-beach.  3rd.  Molluacan  (?) :  markings  precisely  similar  to  those  to 
called  in  the  carboniferous  slates.  These  are  from  Bray.  The  worm-tracks  of  Howth 
do  not  appear  to  be  identical  with  those  of  Bray.  All  the  fossils  at  this  latter  place 
would  appear  to  have  been  deposited  in  shallow,  quiet  waters. 


On  the  Relation  between  the  Cleavage  of  Minerals  and  the  Cleavage  of  Rocks. 

By  Professor  King. 

On  a  Section  across  Slieve-na-Muck,  Co.  Tipperary.    By  J.  O.  Kslly. 

On  the  genus  Woodocrinus. 
By  Prof.  L.  de  Koninck,  F.G.S.;  and  Edward  Wood,  F.G.S. 

In  the  year  1854,  when  the  genus  Woodocrinus  was  first  described,  a  single  specie 
only  had  been  discovered. 

Since  then  so  much  attention  has  been  paid  to  these  fossils,  that  we  have  succeeded 
in  procuring  three  new  species  belonging  to  the  same  genus,  the  details  of  which 
appear  to  be  by  no  means  less  interesting  than  those  of  the  species  which  formed  the 
type  of  the  genus ;  and  they  offer  some  peculiarities  which  tend  to  modify  and  com- 
plete the  characters  which  have  been  assigned  to  it. 

We  therefore  think  that  a  reproduction  of  the  published  definition  of  this  genus, 
together  with  the  modifications  which  the  discovery  of  the  new  species  has  forced 
upon  our  notice,  will  not  be  a  work  altogether  unworthy  of  a  short  memoir. 

Genus  Woodocrinus,  Kon.  1854. 

Generic  characters,— Basal  plates  5.  Subradial  plates  5,  alternating  with  the 
basal  plates.  Radial  plates  2x5=10,  united  laterally.  Interradial  plates  none. 
Anal -plates  8  to  20.  Brachial  pieces  4  to  10.  Number  of  arms  10,  bifurcating  1 
to  5  times  and  furnished  with  pinnules.  Joints  of  the  stem  cylindrical,  tapering 
towards  the  outer  extremity.  Dome  composed  of  a  great  number  of  small  hexagonal 
plates,  marked  with  star-like  rays. 

The  calyx*  of  this  genus  takes  the  form  of  a  widely-opened  cup,  the  base  of  which 
is  composed  of  five  equal  quadrangular  plates,  forming  by  their  union  a  star  with 
five  rays.  Alternating  with  and  above  these  basal  plates,  is  a  row  of  hre  hexagonal 
plates,  which  in  their  turn  alternate  with  the  first  radial  pieces,  to  the  base  of  which 
they  are  united  by  one  of  their  sides.  The  radial  pieces  are  two  to  each  ray ;  these 
two  pieces,  the  second  of  which  is  axillary,  are  cuneiform  and  of  the  same  size  and 
shape ;  with  the  exception  of  those  which  are  adjacent  to  the  anal  region,  all  the* 
pieces  are  jointed  by  their  lateral  edges,  and  snow  no  trace  of  interradial  pieces. 
To  each  ray  there  is  a  single  bifurcation,  consequently  ten  arms.  The  number  of 
brachial  pieces  is  variable ;  but  of  the  species  at  present  known,  no  specimen  has  lest 
than  four  or  more  than  ten.  The  arms  bifurcate  from  one  to  four  and  sometimes  five 
times,  according  to  the  species.  The  parts  not  laterally  united  are  composed  of  alter- 
nate articulations,  on  the  interior  sides  of  which  are  inserted  the  pinnules,  each  of 
ten  to  twelve  small  pieces  superposed  one  upon  the  other,  and  with  a  length  greater 
than  their  breadth.  The  anal  region  is  composed  of  a  great  number  of  plates  (8  to 
20),  varying  in  each  species.  The  dome  appears  to  have  been  formed  of  small  pen- 
tagonal or  hexagonal  regular  plates.  The  stem,  of  a  variable  length,  is  composed  of 
cylindrical  articulations,  alternately  larger  and  smaller :  its  special  character  is,  that, 
unlike  the  stem  of  all  other  known  Crinoids,  it  is  much  thinner  at  the  base  than  at 
the  summit;  this  circumstance  would  lead  us  to  conjecture  that  the  Woodocrvm 
floated  freely  in  the  water,  and  that  the  stems  were  used  to  keep  it  upright  while  it 
floatedf. 

*  The  nomenclature  is  that  determined  by  MM.  de  Koninck  and  Le  Hon,  in  their 
Monograph  of  the  Belgian  Carboniferous  Crinoids. 

t  This  peculiarity  seems  also  to  point  out  that  the  genus  Woodocrinus  may  form  a  link 
between  the  fixed  Crinoids'and  the  adult  state  of  the  genus  Comatula.  Another  conjecture 
might  be  hasarded,  vis.  that  these  Crinoids  were  fixed  on  the  rocks  near  tide-mark,  and  that 
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Relations  and  diferences. — This  genus,  which  has  been  named  after  the  zealous 
amateur  who  alone  has  brought  the  specimens  to  light,  is  related  to  the  genera 
Cyathocrinus  (Miller),  Taxocrinut  (PhilL),  and  Forbetiocrinut  (Kon.).  The  charac- 
ters which  mark  their  differences  are  easy  to  distinguish. 

The  Cyathocrinus  has  normally  only  four  subradial  plates,  while  the  WoodocrinuM 
lias  five,  and  the  Taxocrintu,  as  well  as  the  Forbetiocrinut,  have  none.  Besides,  the 
principal  rays  of  the  two  last  genera  are  composed  of  more  than  two  radial  plates. 

The  known  species  of  this  genus  are  Woodocrinus  macrodactylut,  Woodocrinut 
expansus,  Woodocrinut  goniodactylut,  and  Woodocrinut  dichodactylut. 

1.  Woodocrinus  macrodacttlub.— As  this  species  has  been  fully  described  in  a 
notice  on  a  new  genus  of  Crinoids,  read  by  M.  de  Koninck,  February  1854,  before  the 
Academy  of  Belgium,  it  will  not  be  necessary  to  enter  into  its  details.  We  would 
here  only  add,  that  it  is  by  far  the  most  common ;  the  thin  limestone  bed  of  a  very 
limited  area,  in  which  this  genus  has  alone  been  found,  having  as  yet  furnished  but 
very  few  specimens  of  the  other  three  species,  while  its  flags  are  covered  with  the  stems, 
arms,  and  calyces  of  the  W.  macrodactylut,  twisted  over  each  other,  knotted,  inter- 
laced in  almost  inextricable  confusion,  and  in  such  numbers  as  show  that  the  ocean 
where  they  lived  was  not  less  full  of  life,  because  its  denizens  were  so  special,  than 
those  seas  which  have  furnished  to  the  naturalist  genera  much  more  numerous. 

It  may  be  further  added,  that  the  above  beds  have  furnished  as  yet  no  other  fossil 
except  the  Woodocrinut  and  a  few  teeth  of  Petalodut  Hattingtia  and  acuminatut 
(Agass.). 

2.  Woodocrinus  expansus.—- The  calyx  of  this  species  is  composed  of  plates  which 
bear  a  close  resemblance  to  those  of  Woodocrinut  macrodactylut)  their  position  is 
exactly  the  same,  and  by  their  union  they  form  a  vase-like  cup ;  but  the  diameter  of 
these  plates  is  greater,  and  they  appear  to  be  thicker  and  stronger  than  those  of  W. 
macrodactylut. 

The  basal  plates  are  small,  and  the  height  of  the  exterior  part  is  not  equal  to  its 
breadth.  The  articulated  surface  of  the  base  is  very  broad,  and  forms  with  the 
exterior  surface,  an  angle  almost  equal  to  a  right  angle.  The  subradial  plates  are 
equal  in  length  and  breadth.  The  length  of  the  first  radial  pieces  is  not  equal  to 
their  breadth.  Their  thickness  appears  to  be  considerable.  The  second  radial  pieces 
are  axillary  and  very  short,  though  as  broad  as  the  first;  from  each  springs  two 
arms,  one  of  which  is  generally  composed  of  three  to  four  and  the  other  of  four  or 
lire  brachial  pieces,  which  generally  hare  a  length  three  times  that  of  their  breadth. 
Each  arm  gives  origin  to  two  primary  brachial  rays,  composed  of  nine  and  five 
brachial  joints.  The  first  is  divided  into  two  secondary  rays,  one  bifurcating  again 
once  or  twice  before  it  attains  its  greatest  length.  The  other,  composed  of  about  fifty 
brachial  joints,  remains  single.  The  second  divides  also  into  two  secondary  rays,  one 
bifurcating,  the  other  single.  The  joints  of  these  rays  are  almost  semi-cylindrical, 
with  their  breadth  and  length  nearly  equal,  and  alternately  a  little  thicker  on  each 
opposite  side.  The  pinnules  to  which  they  give  origin  are  exactly  similar  to  those  of 
Woodocrinut  macrodactylus.  The  number  of  the  ultimate  rays  of  this  crinoid  is  80  to 
100,  and  the  total  length  of  the  arms  is  three  times  that  of  the  calyx.  The  anal 
region,  the  form  of  which  can  be  but  imperfectly  distinguished,  and  that  only  in  a 
single  specimen,  appears  to  be  composed  of  fewer  plates  than  that  of  Woodocrinus 
macrodactylut;  but  these  plates  are  broader  and  thicker  than  those  of  the  above  species, 
though  their  general  disposition  is  the  same.  The  dome  imperfectly  marked,  and 
that  in  but  two  specimens,  appears  to  have  been  large,  and  composed  of  a  great  num- 
ber of  hexagonal  united  to  pentagonal  plates,  having  their  surface  ornamented  with 
stars  in  relief,  not  unlike  the  dog-toothed  ornament  of  early  English  architecture. 
The  proboscis  of  this  species  has  not  yet  been  found.  The  stem,  in  its  general  form, 
and  the  form  of  its  articulations,  resembles  that  of  the  W.  macrodactylut,  but  it  is 
usually  larger  and  a  little  thicker. 

Relation*  and  differences.—  Woodocrinus  expansus  differs  from  W.  macrodactylut 

their  flexible  stems  permitted  their  arms  to  rise  and  fall  with  the  tide,  and  that  when  dead  they 
broke  off,  and  the  floating  bodies  were  cast  on  the  beach ;  which  would  account  for  the  con- 
fusion with  which  they  seem  thrown  together,  and  for  the  absence  of  any  fixed  base  to  the 
stems. 
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in  the  thickness  of  the  plates  which  form  the  calyx,  in  the  number  and  larger  sixe  of 
the  anal  plates,  and  especially  in  the  form  and  greater  number  of  the  brachial  rays, 
the  first  having  100  while  the  last  has  but  20  of  them,  whilst  the  joints  of  these  Tip 
in  the  first  have  a  breadth  equal  to  their  height ;  in  the  second,  where  they  are  very 
short,  the  breadth  is  six  times  greater. 

Locality. —  Woodocrinus  expansus  is  found  associated  with  W,  macrodactylm,  sad 
characterises  the  same  beds. 

3.  Woodocrinus  goniodactylus.— ~In  the  form  of  the  calyx  and  its  plates  this 
species  differs  little  from  the  two  preceding  ones. 

The  basal,  the  subradial,  and  radial  plates  resemble  those  of  Woodocrinus  macro- 
dactylus.  The  axillary  radial  pieces  are  surmounted  by  two  rays,  each  composed  uf 
four  joints,  from  the  last  of  which  spring  two  secondary  rays,  one  of  which  attains  hi 
full  length  without  bifurcation,  while  the  other  branches  off  into  four  small  rays ;  so 
that  each  arm  contains  ten  rays,  principal  and  secondary,  making  a  total  of  fifty. 
These  rays  have  these  peculiarities,  that  they  preserve  the  same  breadth  throughout 
their  entire  length ;  that  their  dorsal  or  exterior  side  is  angular ;  that  the  last  axillary 
joint  of  each  ray  is  very  large,  and  the  joints  thicken  alternately  at  each  opposite  tide, 
producing  by  their  union  a  zigzag  pallium,  exactly  like  that  which  is  found  in  tome 
species  of  Platycrinus  and  Actinocrinus.  The  pinnules  are  delicate  and  a  little  more 
distant  than  in  the  other  species.  The  anal  region  is  not  known.  The  form  of  the 
plates  of  the  dome,  of  which  but  a  small  portion  has  been  found,  appears  to  be  the 
same  as  that  of  the  analogous  plates  of  the  preceding  species.  The  stem  is  composed 
of  cylindrical  joints,  so  arranged  that  three  smaller  ones  alternate  with  one  larger  ooe; 
this  disposition  gives  to  the  stem  an  aspect  quite  different  to  that  of  the  other  species. 
Though  no  perfect  termination  has  yet  been  found  to  any  of  the  stems,  there  seems  no 
reason  to  doubt  that  they  have  the  same  character  as  those  of  its  other  known  congeners. 

Relations  and  differences. — The  angular  form  of  the  brachial  rays,  the  peculiar  mode 
in  which  the  joints  are  articulated,  as  well  as  the  different  number  of  the  rays,  dis- 
tinguish this  species  well  from  all  the  others. 

Locality. — The  same  as  that  of  the  two  preceding  species. 

4.  Woodocrinus  dichodactylus. — The  form  of  the  calyx  of  thia  species  is  lea 
open  and  a  little  more  elongated  than  that  of  W.  macrodactylus,  to  which  it  has  the 
greatest  resemblance. 

The  basal  plates  are  small,  like  those  of  W.  macrodaclylu*,  and  offer  no  peculiaritv. 
The  subradial  plates  are  not  so  broad  as  they  are  long,  and  are  produced  in  a  iligst 
cup-like  form.  The  first  radial  plates  are  as*  broad  as  they  are  long,  and  are  closely 
united  to  each  other.  The  radial  axillary  pieces  have  a  length  greater  than  their 
breadth,  and  are  the  principal  cause  of  the  elongation  of  the  calyx :  these  axillary 
pieces  give  origin  to  two  brachial  rays  composed  of  nine  joints,  rounded  on  their  dor* 
sal  aspect,  the  breadth  of  these  joints  being  about  one-third  greater  than  their  length. 
The  ninth  joint  is  in  its  turn  axillary,  and  from  it  spring  two  more  rays,  each  com* 
posed  of  twenty-five  to  thirty  joints,  which  have  one  of  their  sides  alternately  larger 
than  the  other.  The  breadth  of  these,  like  that  of  the  joints  of  the  primary  rays,  b 
one-third  greater  than  their  length.  The  total  number  of  rays  is  forty.  The  stem  ii 
composed  of  joints  nearly  similar  to  each  other;  hence  it  has  the  appearance  of  betas; 
more  cylindrical  and  less  ringed  than  that  of  W.  macrodactylus.  Neither  the  anal 
region  nor  the  dome  of  this  species  is  known. 

Relations  and  deferences. — This  species  differs  from  Woodocrinus  macrodactyhu  in 
the  number  of  its  rays,  which  are  double  that  of  the  last,  not  leas  than  by  the  greater 
tenuity  of  those  rays.  It  cannot  be  confounded  with  W%  expansus,  on  account  of  the 
same  distinctive  characters  and  the  length  of  its  brachial  pieces.  The  form  of  the 
brachial  joints  of  W.  goniodactylus  sufficiently  distinguishes  it  from  W>  dickodactyha. 

Locality. — The  same  as  that  of  the  three  preceding,  viz.  a  thin  bed  forming  one 
of  the  red  beds  of  the  lead  miners,  and  belonging  to  the  middle  carboniferous  series. 


Professor  J.  W.  Mallet,  of  the  University  of  Alabama,  exhibited  the  Geological 
Map  of  that  State,  recently  prepared  by  the  late  Prof.  Tuomey  to  accompany  his  Report 
on  the  State  Survey.  The  principal  geological  features  of  the  country  were  neticcd, 
and  the  resulting  peculiarities  of  soil  and  economic  advantages  briefly  alluded  to. 
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Notice  of  the  recent  Advances  of  Paheontological  Discovery  in  Tuscany. 
By  Prof.  Car.  G.  Meneohini,  oftfie  University  of  Pisa. 

Tuscany  is  exceedingly  rich  in  mineral  products  of  every  kind,  and  presents  at  the 
same  time  an  extraordinary  number  of  stupendous  geological  phenomena.  Indus- 
trial interests  and  the  love  of  science  find  there  alike  their  inducement  and  recom- 
pense. It  were  to  be  desired,  for  the  greater  prosperity  of  the  mining  operations, 
that  these  were  carried  on  with  adequate  capital,  directed  by  an  intelligent  spirit  of 
association.  But,  with  respect  to  the  scientific  researches,  they  are  ardently  pursued 
by  many  amateurs,  and  are  every  day  bringing  to  light  new  treasures. 

Especially  the  Paleontology  of  Tuscany  has  been  enriched  of  late  in  an  extraordi- 
nary degree ;  and  the  present  communication  is  intended  to  give  an  outline  of  these 
new  discoveries. 

Under  the  name  of  Verrucano  (previously  employed  by  Targioni),  Savi,  beginning 
with  the  earliest  of  his  works,  designated  a  vast  formation  which  underlies  the  entire 
series  of  the  secondary  rocks,  and  is  composed  of  sandstones,  quartzites,  talcose- 
schists,  and  arragonites,  the  series  ending  below  in  gneiss.  This  might,  at  that  date, 
have  been  identified  in  a  general  way  with  the  red  sandstone,  but  palaeontological 
data  were  wholly  wanting  to  characterize  it  more  particularly.  At  present  we  know 
the  existence,  in  the  middle  part  of  this  formation,  of  an  anthracite  deposit  accom- 
panied by  casts  of  upwards  of  fifty  species  of  Sigillaria,  Catamites,  Annutaria,  Astero- 
phyllites,  Cyatheites,  Nenropteru,  JPecopteris,  &c,  in  splendid  preservation ;  and 
all,  or  nearly  all,  capable  of  being  positively  identified  with  those  of  the  other  car- 
boniferous beds,  besides  this,  in  the  strata  of  sandstone  which  accompany  tho 
anthracite  bed,  there  are  found  in  abundance  Cyathocrinus,  Cyathophyllum,  Or  this, 
hepUena,  and  Spirifer,  of  species  equally  distinguishable  as  belonging  to  the  carbon- 
iferous epoch,  although  a  mineralogical  equivalent  of  the  mountain  limestone  is  en- 
tirely wanting.  In  this  formation  of  the  Verrucano,  therefore,  we  are  now  enabled  to 
distinguish  the  presence  of  the  two  red  sandstones,  the  Old  and  the  New. 

The  first  member  of  our  secondary  rocks  is  composed  of  a  bituminous,  black  lime- 
stone, frequently  converted  into  beautiful  black  marble,  or  into  bardiglio.  We  have 
found  in  it  numerous  fossils,  but  in  a  state  which  does  not  favour  their  identification. 
They  seem,  however,  sufficient  to  characterize  this  limestone  as  Trassic,  especially  by 
the  presence  of  the  GerviUia  socialis. 

The  series  of  the  Lias  and  the  Jura  appear  in  Tuscany  and  iu  the  neighbouring 
regions  of  the  rest  of  Italy,  under  conditions  of  the  greatest  interest.  The  stratigraphic 
and  mineralogical  succession  in  the  anticlinal  curves  of  the  metalliferous  chain  is  com- 
posed of  the  following  members  in  ascending  order.  First.  White  limestone  passing 
into  marble,  more  or  less  crystalline,  of  great  bulk,  and  elevated  so  as  to  constitute  the 
central  nucleus  of  the  anticlinal  curve  (Campiglia),  or  the  most  central  of  the  peri- 
pheric bands,  in  case  the  palaeozoic  rocks  also  have  been  sufficiently  elevated  and 
disrupted  to  constitute  the  central  area  ( Apuan  Alps,  Montagnola  Senese,  Elba,  Cayo 
Argentaro),  Fossil  remains  abound  here  in  some  spots,  but  are  seldom  recognizable ; 
those  which  it  has  been  possible  to  determine  belong  to  the  lower  Has.  Secondly. 
Ammonitic  red  limestone,  so  called  from  the  abundance  of  ammonites  which  it  con- 
tains, but  which  must  not  be  confounded  with  other  ammonitic  red  limestones  in  and  out 
of  Italy,  since  the  species  which  it  includes  are  almost  all  of  the  section  of  the  Arietes ; 
it  has  in  general  but  little  thickness.  Thirdly.  Another  limestone  of  a  light-grey 
colour,  often  including  flint.  The  lower  part  of  this  affords,  very  sparingly, 
ammonites  of  the  same  species  as  those  of  the  subjacent  red  limestone,  but  in  the 
upper  part  we  have  very  lately  found  a  great  number  of  ammonites,  converted,  for 
the  greater  part,  into  hydratic  oxide  of  iron,  and  of  species  completely  different 
Fourthly.  A  very  deep  series  of  argillaceous  schists,  tawny,  red,  or  green,  all  com- 

C  bended  under  the  name  of  "  variegated,"  in  which,  before  this  time,  there  had  not 
n  any  fossils  found.  We  have  recently  discovered  that  the  lower  beds  of  these 
schists,  that  is,  those  which  are  in  immediate  superposition  to  the  grey  limestone  which 
contains  the  altered  ammonites,  are  full  of  casts  of  Posidonomya  Bronnii. 

The  locality  of  La  Spezia  has  long  been  known  for  the  abundance  of  ammonites 
discovered  there  by  Ouidoni,  and  illustrated  by  Sowerby  in  the  work  of  De  la  Beche. 
Here,  although  the  succession  of  the  strata  is  much  obscured  by  great  and  repeated 
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flexures  and  by  an  extensive  fault,  yet  the  same  aeries  exists,  only  the  relative  eiteat 
of  the  different  mineralogical  formations  is  different ;  the  rod  and  the  light-grey  lime- 
stones being  there  very  little  developed,  while  the  variegated  schists  are  much  more 
so,  and  have  a  black  limestone  interstratified  with  them,  corresponding  in  position  to 
a  marly  limestone,  which  is  found  in  other  places,  also  interspersed  among  these 
schists,  and  which  is  remarkable  for  the  abundance  of  fucoids  that  it  contains.  This 
Jurassic  limestone  with  fucoids  is  not  to  be  confounded  with  the  other  succeeding 
Cretaceous  and  Eocene  limestones,  of  which  we  shall  speak  hereafter,  although  the 
species  of  these  fucoids  arc  in  general  very  difficult  to  distinguish.  Nor  yet  is  this 
black  limestone,  intercalated  among  the  mottled  schists  of  La  Spezia  (and  which  is  cer- 
tainly of  the  Jurassic  period),  to  be  confounded  with  another  fossiliferous  black  lime- 
stone of  the  same  locality,  which  belongs  to  the  cretaceous  system,  and  to  which  above 
shall  presently  advert.  It  was  just  the  confounding  of  these  two  limestones  that  gave 
rise  to  so  many  discussions  and  to  so  many  false  interpretations  respecting  the  struc- 
ture of  the  western  promontory  of  the  Gulf  of  Spezia.  Now  the  ammonites  described 
by  Sowerby  and  many  others,  which  occur  at  La  Spezia  in  the  lower  beds  of  the 
variegated  schists,  and  in  the  black  limestone  therewith  interstratified,  are  the  same 
as  those  which  are  to  be  found  in  a  like  position  in  the  light  grey  limestone  in  the 
Pisan  Mountains.  They  are  of  species  belonging  to  the  Lias,  and  many  of  them  have 
been  recently  recognized  at  Hierlatz  by  Hauer.  These  same  species  of  ammonites 
of  La  Spezia,  of  the  Monti  Pisani,  and  of  Hierlatz,  have  been  also  recently  found  in 
a  sparry  limestone  at  Campiglia.  There  the  variegated  schists  are  wanting,  and  the 
limestone  occupies  the  fissures  existing  in  the  red  ammonitic  limestone.  Finally, 
another  recent  discovery  has  been  made  to  complete  the  series ;  in  the  upper  part  of 
the  variegated  schists  of  La  Spezia,  there  have  been  found  in  great  abundance,  casts 
of  ammonites  of  species  totally  different  from  those  already  indicated,  and  perfectly 
recognizable  as  belonging  to  the  "  Oxford  clay." 

The  black  fossiliferous  limestone  which  is  in  superposition  to  the  Jurassic  schists  of 
La  Spezia,  is  represented  in  the  Apuan  Alps,  and  in  the  Monte  Pisano,  by  a  lime* 
stone  of  like  character,  but  rarely  containing  fossils.  It  is  remarkable  that  in  the  same 
locality  of  La  Spezia,  we  find  it,  at  the  distance  of  a  few  paces,  decidedly  metamor- 
phosed into  a  most  beautiful  Portovenere  or  Portoro  marble,  or  into  white  dolomite, 
and  extremely  rich  in  fossils  exposed  by  the  erosive  action  of  the  sea.  In  the  Apuan 
Alps  this  forms  the  second  peripheric  band,  and  constitutes  the  lofty  summits  of 
the  Pania,  Pizzo  d'Uccello,  Pisauino,  &c.  The  fossils  which  it  includes  prove  it  to 
be  cretaceous,  but  with  regard  to  its  synchronism  with  the  rocks  of  other  localities, 
nothing  more  can  be  said  than  that  it  corresponds  to  the  most  ancient  of  the  cretaceous 
periods,  which  elsewhere  has  been  called  "  Neocomian."  The  remainder  of  the  cre- 
taceous rocks  of  the  Tuscan  Apennine  and  of  the  metalliferous  chain,  is  chiefly  com- 
Sosed  of  two  mineralogical  formations,  a  flaggy  limestone,  more  or  less  arenaceous, 
enominated  "  Pietra  forte,"  which  constitutes  the  material  with  which  the  city  of 
Florence  is  paved,  and  argillaceous  schists  frequently  altered  into  hanile  and  jaspers, 
in  contact  with  the  ophiolitic  volcanic  masses.  These  schists,  locally  denominated 
"  Galistri,"  also  contain,  more  or  less  abundantly  interspersed,  a  white,  cream,  or 
lead-coloured  limestone,  denominated  "Alberese;"  and  finally,  there  appear  in  it 
beds  of  micaceous  sandstone,  "  Macigno,"  which,  at  last  prevailing  over  the  schist 
formation,  constitutes  the  chief  bulk  of  our  Apennines.  In  many  places  the  Alberese 
limestone  is  partially  replaced  by  some  inconsiderable  beds  of  nummulitic  limestone, 
often  containing  nummulites  of  many  species  and  well  preserved,  together  with  a 
great  quantity  of  the  other  fossils  which  usually  accompany  them  ;  sometimes,  instead, 
with  the  nummulites  small  or  fragmentary,  in  which  case  it  takes  the  name  of  "  Cs/- 
care  screzialo."  When  this  member  of  the  stratigraphic  series  exists,  we  have  the 
means  of  distinguishing  the  portion  of  it,  which,  being  lower  in  position  than  the  num- 
mulitic band,  belongs  to  the  cretaceous  system,  from  the  upper  part,  which,  together 
with  the  nummulitic  formation  itself,  ought  rather  to  be  considered  as  Eocene  Tertiary. 
But  where  there  does  not  exist  any  nummulitic  bed,  as  frequently  happens,  it  is  not 
possible  to  draw  any  line  of  separation.  It  is  to  be  observed,  by  the  way,  that  the 
mineralogical  character  of  the  "  Pietra  forte"  seems  to  resemble  closely  that  of  the 
Macigno  sandstone;  but  not  only  are  they  in  reality  distinct,  and  their  stratigraphies! 
position  very  distinct,  but  moreover  it  was  in  the  Pietra  forte  that  Micheli  found  the 
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famous  Hamitet  which  Savi  named  Hamitet  Michelii ;  and  in  the  same,  Count  Carlo 
Strozzi  has  lately  discovered  a  very  remarkable  abundance  of  easily  recognizable  fossils, 
Inocerami,  Ammonite*,  Criocaratitet,  Scapkites,  &c,  besides  very  many  other  fossils 
of  strange  and  indeterminate  forms,  probably  belonging  to  zoophytes  and  annelides. 
Some  of  these  fossils,  as  for  instance  Gorgonia  Targionu  and  Newer  Ulites  Strozzi,  as 
well  as  numerous  fucoids,  reappear,  both  above  and  below  the  nummulitic  band,  in  the 
Mactgno  limestone,  in  its  accompanying  schists,  and  in  the  Alberese  limestone  which 
occurs  alternately  with  it. 

Besides  the  lower  part  of  the  Eocene  formation,  thus  intimately  connected  with  the 
cretacean  system,  an  upper  part  may  also  be  distinguished.  This  is  chiefly  argilla- 
ceous and  calcareous ;  and  a  disturbance  of  the  crust,  anterior  to  its  deposition,  con- 
nected with  the  eruption  of  the  ophiolite  or  diallagic  serpentine,  has  occasioned  a 
local  uuconformability  of  stratification  between  the  upper  and  lower  parti  of  the 
deposit.  This  upper  Eocene  formation  is  principally  developed  in  a  vast  band  on  the 
northern  declivity  of  the  Apennines.  On  the  southern  side,  again,  it  is  much  less  so, 
or  is  chiefly  calcareous,  as  in  the  valley  of  Tiberina,  or  else  is  entirely  wanting.  In 
this  last  case  there  is  a  transition  also  in  the  mineralogical  character,  from  the  Eocene 
Macigno  to  the  Mollasse  of  the  Miocene  formation,  which  in  every  instance  is  con- 
stantly conformable  to  the  underlying  Eocene.  It  is  then  distinguishable  only  by 
the  presence  of  the  neoeenic  fossils. 

Three  other  principal  mineralogical  formations,  besides  that  of  the  Mollasse,  are 
equally  referable  to  the  Middle  Tertiary  or  Miocene,  since  they  underlie  the  indubitable 
subapennine  formation,  the  type  of  the  Pliocene.  These  are,  fluviatile  or  estuary  form- 
ations, with  abundant  deposits  of  lignite,  sometimes  converted  into  anthracite  (Monte 
Bamboli) ;  an  ophiolitic  rock,  perfectly  similar  to  that  of  the  hill  of  Turin ;  and  a 
coarse  limestone,  extremely  rich  in  fossils.  The  limestone  formation  contains  numerous 
remains  of  Anthracoiherium  and  other  pachydermata,  of  chelonians,  and  of  plants 
(Palms),  which  fix  for  it  a  high  relative  antiquity.  The  Calcaire  grottier,  on  the 
other  hand,  although  decidedly  in  infraposition  to  the  subapennine  formation,  and 
unconformable  to  this  (Rosignano),  contains  scarcely  any  other  fossils  but  those  of 
the  subapennine  itself. 

This  last,  as  is  well  known,  is  chiefly  composed  of  the  two  mineralogical  forms, 
blue  day,  and  yellow  sand  and  gravel.  Athough  in  general  these  last  overlie  the  clay, 
yet  their  position  and  frequent  alternations  show  that  tho  two  are  to  be  looked  upon 
as  contemporaneous,  with  this  difference  only — that  the  sands  constitute  a  littoral 
deposit,  and  the  clays  were  deposited  in  a  deeper  sea.  About  a  thousand  species  of 
Mollusca  and  Radiata,  in  a  fossil  state,  are  found  in  this  formation,  to  which  are  to  be 
added  the  Vertebrata  and  the  plants.  To  this,  in  fact,  belongs  the  famous  bone-bed 
of  the  upper  part  of  the  Val  d'Arno,  consisting  of  a  lacustrine  deposit,  contem- 
poraneous with  the  marine  subapennine,  in  which  also  are  found  bones  and  complete 
skeletons  of  the  Mastodon  and  other  large  mammalia,  besides  not  un  frequent  remains 
of  Reptiles,  Fishes,  and  Cetacea.  Many  casts  of  plants  have  lately  been  discovered  as 
well  in  these  lacustrine  deposits  as  in  the  marine  littoral  formation ;  and  this  flora, 
decidedly  Pliocene  (very  soon  to  be  published),  will  be  of  the  utmost  importance  for 
the  means  it  will  afford  of  comparison  with  the  Miocene  flora,  and  with  that  actually 
existing. 

With  respect  to  the  Pliocene  fauna,  the  great  richness  of  which  has  been  mentioned, 
it  is  to  be  observed  that  every  day  it  is  found  to  comprise  more  and  more  of  the  species 
which  hitherto  were  believed  to  belong  exclusively  to  the  Miocene  fonnation,  or  which 
are  now  actually  living  in  other  seas. 

To  conclude,  there  is  perhaps  no  place  better  adapted  than  Tuscany  for  the  study 
of  tbe  Pleistocene,  which  is  even  yet  in  the  course  or  formation  at  some  points  of  the 
sea-coast,  where  waters  charged  with  calcareous  contents  are  still  discharging  them- 
selves ;  whilst  at  a  more  or  less  considerable  distance  from  the  sea,  it  blends  its  cha- 
racters, mineralogical,  stratigraphical,  and  palaeontological,  with  the  littoral  Pliocene 
formation.  In  the  lower  part  of  the  Pliocene  formation  (in  some  places  arenaceous, 
and  in  others  calcareous),  known  under  the  names  of  Tufo  and  of  Panchina,  are  found 
the  remains  of  elephants,  and  the  fossils  pre-eminently  subapennine ;  in  the  upper 
part  are  buried  articles  of  human  manufacture,  together  with  shells  of  species  still 
living  in  our  seas, 
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In  terminating  these  cursory  notices,  it  may  perhaps  be  not  amiss  to  subjoin  a  few 
general  considerations.  #  

It  would  appear  that  the  mineralogical  characters  of  rocks  are  infinitely  move  twist 
and  inconstant  in  Tuscany  than  anywhere  else.  The  chief  cause  of  the  nrodificetisss 
locally  presented  by  sedimentary  rocks,  is  the  abundance  of  the  volcanic  masses,  them- 
selves also  extremely  diversified  in  their  nature.  The  eruptions  of  these  have  takes 
place  in  a  chronological  order,  very  marked  and  distinct,  exhibited  by  the  modifies, 
tions  they  have  induced  in  the  various  sedimentary  rocks. 

Except  the  oldest  granite,  the  protrusion  of  which  is  probably  referable  Is  the 
patooioic  epoch,  all  the  other  eruptions  belong  decidedly  to  the  Tertiary  period. 
^The  ophiolite  or  diallagic  serpentine  is  the  most  ancient  of  them ;  to  this  success4 
in  chronological  order,  the  euphotide  or granitone;  the  diorite  and  ophite;  grsans 
with  tourmaline;  the  masses  of  siderolite  and  amphibolite;  the  qoarUiferooj  per* 
phyries;   the  recent  serpentine  without  diallage;   the  trachytes;  and  finally,  tae 

basalts. 

The  local  disturbances  partially  produced  by  these  eruptions  do  not  correspead 
either  to  the  systematic  divisions  elsewhere  established  or  to  the  palaeontologies! 

The  study  of  palaeontology  reveals  a  slow  and  graduated  transition  from  the  nest 
ancient  secondary  strata  up  to  these  which  are  at  present  in  course  of  formation,  tat 
fauna  of  each  successive  period  assuming  its  own  marked  and  constant  character, 
while  all  aw  at  the  same  time  connected  together  by  insensible  transitions. 

Finally,  in  Tuscany  also  it  is  evident,  and  perhaps  in  Tuscany  it  was  first  perceived, 
that  the  study  of  stratification  is  the  only  true  key  to  open  the  secret  and  hitherto  in- 
accessible paths  of  geological  chronology. 

The  Quartz  Rock*,  Crystalline  Limestones,  and  Micaceous  Schists  of  me 
North-wester*  Highlands  of  Scotland,  proved  to  he  of  Lower  Silurian  Age, 
through  the  recent  Fossil  discoveries  of  Mr.  C.  Peach.  By  Sir  Roderick 
I.  Murchison,  ZXCJL.,  F.R.S. 

At  the  last  Meeting  of  the  British  Association  at  Glasgow,  I  communicated  »y 
opinion,  founded  on  a  survey  with  Professor  Sedgwick  in  1827,  and  confirmed  by  as 
exploration  with  Professor  Nicol  in  1855,  that  the  quartz  rocks,  limestones,  and  mies- 
•chists  of  Sutherlandshire,  in  which  Mr.  Peach  had  then  detected  a  few  imperfeet 
fossils,  would  prove  to  be  of  Lower  Silurian  age.  This  belief  was  mainly  founds** 
on  the  physical  succession  of  the  various  rock -masses,  which  I  described  as  follows 
in  the  ascending  order:  — 

1.  An  ancient  gneiss  in  part  highly  granitoid  or  traversed  by  granite  veins. 

2.  Coarse  grit  and  conglomerate  of  reddish  colours  (formerly  mistaken  for  Old  Red 
Sandstone). 

3.  Quartz  rocks  with  intercalated  limestones. 

4.  Micaceous  schists,  &c,  in  parts  almost  gneissose,  with  quartz  rock,  && 

5.  The  great  triple  series  of  the  Old  Red  Sandstone  consisting  of  conglomerates  sad 
sandstone  at  the  base,  the  Caithness  ichthyolite  flags  in  the  centre,  and  the  sandstones 
of  Dunnet  Head  and  the  Orkneys  above. 

My  present  view  (as  completed  by  the  subsequent  observations  of  Colonel  Janus, 
R.E.  and  of  Professor  Nicol  in  the  summer  of  1856,  is,  that  the  coarse  red  grit  sad 
conglomerate  No.  2  represents  the  Cambrian  of  the  British  Government  Surveyors; 
the  quartz  rocks,  limestones,  and  micaceous  schists,  Nos.  3  and  4,  having  now  proved 
to  be  what  I  suggested,  viz.  I#ower  Silurian  rocks. 

My  earlier  sections  and  observations  having  led  me  to  conclude  that  the  base  of  the 
Old  Red  Sandstone  or  Devonian  rocks  reposed  transgress! vely  and  discordantly  upon 
those  quartzites  and  mica-schists,  I  naturally  inferred  that  if  the  Durness  limestonei 
and  quartz  rock  were  Lower  Silurian  in  a  metamorphic  state,  the  Upper  Silurian  wss 
omitted ;  thus  accounting  for  the  great  solution  of  continuity  which  occurs. 

A  recent  discovery  of  Mr.  C.  Peach  in  the  limestones  of  Durness  has  set  the  matter 
at  rest :  and  as  it  has  been  a  guastio  vexata, — Mr.  Hugh  Miller  having  thrown  out  the 
hypothesis  that  these  rocks  might  be  metamorphosed  equivalents  of  the  Old  Red  and 
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Caithness  flags  of  the  east  coast,  and  Prof.  Nicol  having  since  suggested  that  they  were 
possibly  of  carboniferous  age,  or  the  equivalents  of  the  sandstones  and  carboniferous 
limestones  of  the  South  of  Scotland  (Quart  Journ.  Geol.  Soc.  vol.  xiii.  p,  36),  it  is 
essential  that  my  own  view  should  be  explained  to  the  British  Association,  before 
which  body  the  subject  has  already  undergone  discussion. 

•  The  annexed  Note  demonstrates,  that  the  fossil  shells  last  collected  by  Mr.  Peach, 
and  which  he  sent  to  me,  are  forms  which  characterize  one  of  the  lowest  tones  of 
the  Silurian  rocks  of  North  America ;  and  therefore  the  palaeontologies!  evidence  ia 
in  accordance  with  that  of  the  physical  geologist. 

I  would  here  observe,  that  in  tracing  the  Silurian  rocks  to  the  north  and  west,  we 
begin  to  find  North  American  types  wYiich  are  unknown  to  us  in  the  Silurian  region 
or  in  any  part  of  England  and  Wales.  Thus,  in  the  South  of  Scotland,  the  Maclurea 
magna  (Hall)  is  a  well-known  Ayrshire  fossil,  and  in  Ireland  the  Itotelu*  gigas 
(Dekay)  is  not  un frequent,  and  these  are  species  which  do  not  range  further  south- 
ward or  eastward.  It  is  therefore  peculiarly  interesting  to  find  in  a  still  more  northern 
tract,  a  tone  which  is  as  low  in  the  series  of  metamorphosed  rocks  in  which  it  occurs, 
as  the  Canadian  and  North  American  calciferous  sand-rock  is  in  the  regular  and  un* 
altered  deposits  of  those  countries. 

As  this  notice  is  to  be  read  at  the  Dublin  Meeting,  I  venture  to  recall  the  attention 
of  my  Associates  to  the  hypothesis  which  I  put  forth  in  my  work,  '  Siluria'  (1864), 
viz.  that  the  quartz  rocks,  micaceous  schists  and  marbles,  grey  and  green,  of  the 
Bins  of  Connemara  in  Galway,  are  also  nothing  more  than  metamorphosed  '  Lower 
Silurians.'  It  is  true,  that  no  organic  remains  have  yet  been  detected  in  any  portion 
of  these  rocks,  though  perchance,  if  their  weathered  surfaces  were  searched  by  as  keen* 
eyed  a  collector  as  Mr.  Peach,  they  might  afford  such  evidences. 

My  belief  is  founded  on  the  fact,  that  the  fossils  found  near  Leenane,  Maam,  and 
other  places,  are  none  of  them  of  higher  antiquity  than  the  Llandovery  rooks  (Middle 
Silurian),  and  merely  indicate  a  passage  downwards;  so  that  the  crystalline  rocks 
which  dip  regularly  beneath  these  fossil-bearing  rocks  may  well  represent  the  Caradoc 
or  Bala  formation,  and  the  Llandeilo  and  Lingula  flags,  in  a  metamorphosed  condition. 


Note  on  the  Fossils  from  Durness.    By  J.  W.  Salter,  F.G.S, 

It  had  given  no  little  trouble,  which  hsd  yet  no  satisfactory  result,  to  examine  and 
decide  upon  the  fragments  formerly  collected  in  these  altered  limestones.  There 
Were  always  some  reasons  for  regarding  them  as  Lower  Silurian  forms,  although  the 
first  reference  of  any  of  them  to  that  period  was  only  made  with  a  wide  margin  for 
doubt.  And  so  like  were  some  fragments  to  those  of  chambered  shells,  and  even 
Goniatites,  that  it  was  impossible  quite  to  rebut  Professor  Nicol's  notion  that  the  whole 
might  prove  of  carboniferous  age,  though  the  grounds  on  which  he  stated  that  belief 
(the  presence  of  Stigmaria  for  instance)  were  far  from  satisfactory.  Quart.  Geol. 
Journ.  vol.  xiii.  p.  36. 

Mr.  Peach's  specimens,  however,  furnish  us  with  a  fortunate  coincidence  with 
some  of  the  yet  unpublished  fossils  of  Canada,  for  a  knowledge  of  which  we  are 
indebted  to  Sir  W.  Logon's  zeal  in  bringing  over  his  whole  collection  to  England  for 
purposes  of  comparison.  (See  Quart.  Geol.  Journ.  vol.  viii.  p.  201.)  In  Canada,  the 
rock  which  immediately  overlies  the  Potsdam  sandstone,  viz.  the  calciferous  sand- 
rock,  contains  only  a  few  fossils,  but  these  are  characteristic  of  the  horizon.  Among 
them  is  a  genus  or  subgenus  allied  to  the  Baphutoma  of  Hall,  which  has  received  the 
name  Ophileta  from  Vanuxem,  and  consists  of  species  which  have  a  very  wide  open 
umbilicus  angular  at  the  edge,  and  with  straight  sides  to  the  whorls. 

In  Durness  the  same  genera  and  even  species  has  been  found.  The  Canadian  speci- 
mens are  far  larger  than  the  British  ones,  but  show  the  same  characters,  and  the  name 
Ophileta  compact  a  has  been  applied  to  them  in  MSS.  and  will  be  published  in  the  Decades 
of  the  Canadian  Survey.  With  them,  in  Canada,  occurs  a  peculiar  Euomphalus,  or 
some  such  genus,  to  wnich  the  term  Maclurea  matutina  is  applied  by  Hall.  And  I 
cannot  distinguish  certain  flattened  spiral  shells  (with  the  same  proportions)  in  the 
8eotch  collection,  from  these.  Again,  there  is  a  Plcnrotomaria  very  like  the  P.  tubco* 
nba.  Hall,  from  the  Trenton  limestone.  The  Scotch  fossil  resembles  it  in  shape  and 
in  the  position  of  the  band,  but  has  narrower  whorls.    Another  Trenton  limestone 
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Ions  ocean  in  the  pretence  of  more  than  one  species  of  Omcocerts,  Hall.  The  Bridth 
specimens  have  closer  septa  than  those  of  North  America,  bat  are  otherwise  much 
like.  Thus,  while  there  is  but  one,  or  perhaps  two  identical  species,  the  character 
of  the  fossils  is  so  very  similar  to  that  of  the  lower  limestones  of  America,  often  cos- 
founded  (as  we  learn  from  Sir  W.  Logan)  in  a  single  calcareous  band,  that  use  b 
tempted  to  conclude  that  the  succession  in  N.W.  Scotland,  a  thick  limestone  reposing 
on  a  quartsite  full  of  fucoidal  markings  (Nicol,  /.  c),  can  be  nothing  eke  but  the  equi- 
valent of  the  calcareous  series  of  Canada,  with  its  underlying  Potsdam  sandstone. 


On  the  Junction  of  the  Mica-slates  and  Granite,  Killiney  JRH,  Dubkn. 
By  George  V.  Du  Noyer,  M+RJ.A. 

The  junction  of  the  mica-slates  and  granite  at  Killiney  Hill  offers  many  points  of 
interest  to  the  geologist.  Where  the  slates  are  in  immediate  contact  with  the  granite 
they  have  become  highly  micaceous,  and  crystals  of  a  mineral  closely  rsseauVHng 
Andalusite,  as  well  as  Andalusite  itself,  occur  in  great  abundance,  in  some  places  to 
much  so  as  to  form  a  constituent  of  the  rock.  Crystals  of  garnet  are  also  very  contaxm 
in  these  rocks.  Throughout  the  entire  boundary  of  the  slates  and  granite,  the  former 
have  a  persistent  dip  to  the  east  and  south-east,  and  are  singularly  free  from  contor- 
tions, showing  that  where  the  granite  acted  on  them  its  force  was  applied  slowly,  sad 
while  it  was  in  a  fluid  or  at  least  a  pasty  condition  from  heat ;  no  violent  disturbance, 
but  a  steady  upheaving  force,  which  acted  uniformly  on  the  hardened  mass  of  the  slates, 
and  metamorphosed  without  crushing  them  :  examples  on  a  small  scale,  showing  tins, 
are  to  be  seen  on  the  shore  under  Obelisk  Hill. 

The  slates  which  belong  to  the  Lower  Silurian  group  are  not  cleaved  but  foliates1; 
large  wedg<»- shaped  masses  of  them,  many  hundred  yards  in  length,  are  included  in 
the  granite;  mid  the  author  explained,  that  when  two  such  rocks  were  injunction 
along  the  flanks  of  mountain  ranges,  the  detached  portions  of  the  slate  might  be  com- 
pared to  almonds  on  the  surface  of  a  pudding ;  not  that  they  penetrated  to  any  great 
depth  into  the  granite  mass,  as  was  the  idea  entertained  formerly  by  some  geologists, 
although  they  may  appear  to  he  interstratified  with  it  in  bands. 

Along  the  shores  of  Killiney  Bay,  lumps  of  granite  are  found  containing  galena,  a 
small  vein  of  which  is  observed  in  the  slates  close  to  their  contact  with  tbe  granite  east 
of  Killiney  Railway  Station.  West  of  Toronto  Terrace,  the  granite  iu  some  placet  is 
full  of  plumose  mica.  In  the  true  granite  north  of  the  rock  called  Black  Castle,  a 
large  vein  of  euritic  granite  occurs,  40  yards  thick,  with  many  smaller  veins  formed 
chiefly  of  quartz  and  felspar.  Many  instances  were  given  of  euritic  or  Elvanite  veins 
which  cut  through  the  granite  and  slates,  being  themselves  traversed  by  newer  euritts. 

The  elvanite  or  euritic  granite  veins  are  often  faulted,  and  the  cracks  thus  formed 
filled  up  with  infiltrated  quartz. 

Tbiu  parallel  veins  of  elvanite  are  often  bounded  at  either  side  by  a  thin  layer  of 
semi-transparent  sub-crystalline  quartz,  possibly  the  result  of  segregation  from  the 
elvanite  as  it  shrunk  in  the  process  of  cooling. 

M.  Du  Noyer  directed  attention  to  a  dyke- like  tongue  of  granite  in  the  hill  north  of 
Killiney  Park,  3  feet  6  inches  wide,  which  traversed  the  slates  in  a  north  and  sooth 
direction.  This  dyke  is  cut  across  by  elvanitic  veins,  which  do  not  extend  into  the 
adjoining  slates.  He  accounted  for  this  singular  fact  by  supposing  that  the  main  mass 
of  the  granite  is  close  at  hand  below  the  surface,  that  the  slates  ottered  more  resistance 
to  forces  disturbing  both,  and  that  the  elvanite  followed  the  lines  of  least  resistance. 
The  mica  is  very  dark-coloured,  and  along  the  east  wall  of  the  dyke  it  is  arranged  in 
line  and  well-defined  lamina;  oblique  to  the  wall. 

At  a  quarry  north  of  the  garden  wall  of  Killiney  Park,  the  junction  of  the  slates  and 
granite  is  well  exposed.  Here  the  dark  mica  assumes  a  remarkable  appearance  in 
the  granite,  being  arranged  in  fine  waved  parallel  lines  which  follow  the  direction  ef 
the  boundary  wall  of  the  granite,  and  therefore  dipping  east  at  about  45° ;  hence  the 
granite  here  has  a  stratified  look.  This  singular  foliation,  as  it  may  be  called,  of  the 
mica  crystals  in  the  granite  is  best  developed  at  the  distance  of  a  few  feet  from  the 
slates,  but  it  extends  into  the  mass  of  the  rock  for  the  distance  of  about  20  feet,  when 
it  gradually  dies  out  and  the  granite  assumes  its  normal  appearance;  close  to  the 
slates  the  mica  in  the  granite  is  disposed  in  small  but  well-defined  blotches  for  the 
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distance  of  18  inches,  giving  the  rock  a  mottled  look.  In  other  places  along  the  shores 
of  and  over  Killiney  Hill,  the  granite,  at  its  contact  with  the  slates,  exhibits  a  thin 
layer  of  well-developed  crystals  of  mica. 

In  our  present  state  of  information  regarding  the  chemical  or  mechanical  action 
which  would  take  place  in  a  heated  granite  being  brought  on  a  large  scale  into  rela- 
tion with  a  cold  mass  of  slates,  it  is  difficult  to  account  for  the  appearance  which  the 
granite  presents  at  Killiney  Park  Quarry  ;  doubtless  the  appearance  which  the  mica 
now  presents  is  the  result  of  a  re-arrangement  of  the  crystals,  and  is,  in  short,  a  nieta- 
morphism.  

General  Sketch  of  the  Districts  already  visited  by  the  Geological  Survey  of 
India.  By  Thomas  Oldham,  A.M.,  F.B.S.,  G.S.,  $c,  Superintendent 
of  the  Geological  Survey  of  India. 

The  labours  of  the  Geological  Survey  of  India  have  been  conducted  hitherto  under 

Cat  difficulties.  More  recently,  however,  the  liberality  of  the  Government  of  India 
i  greatly  extended  the  establishment  of  the  survey,  and  Mr.  Oldham  trusted  that  their 
future  progress  would  be  rapid  and  effective.  The  only  general  sketch-map  of  the 
geology  of  India  which  they  had  was  that  published  by  the  late  Mr.  Greenotigb.  This 
was  a  work  of  great  value,  and  gave  abundant  proof  of  the  extent  and  labour  of  its 
author  in  its  compilation.  As  might  be  anticipated  under  the  circumstances,  it  was  full 
of  errors ;  and  perhaps  few  could  speak  more  confidently  of  this  than  himself.  But 
at  the  same  time  it  was  a  most  valuable  contribution,  and  would  prove  a  most  useful 
guide  to  future  observers.  Hie  officer  of  the  Geological  Survey  had  examined  several 
districts  of  considerable. area  in  detached  positions,  and  the  results  which  he  was  able 
to  lay  before  the  Section  might  therefore  appear  less  connected  than  he  could  wish* 
But  every  day  would  tend  to  unite  them  more  closely ;  and  his  object  was  now  simply 
to  report  progress,  and  to  show  that  something  had  been  done  to  elucidate  the  struc- 
ture of  India.  Referring  first  to  the  districts  to  the  east  of  the  Bay  of  Bengal,  the 
Tenasserim  Provinces  extend  for  about  six  degrees  of  latitude  along  the  east  shores 
of  the  Bay  of  Bengal.  In  breadth  they  seldom  exceed  more  than  one  degree  of  lone 
gitude.  From  Siam,  on  the  east,  these  provinces  are  separated  by  an  interrupted 
range  of  mountains,  occasionally  rising  to  7000  or  8000  feet  high,  but  the  general 
height  of  which  is  to  the  north  about  4000,  diminishing  in  passing  southwards  to 
3000  feet  or  less.  The  main  direction  of  this  range  is  north  and  south ;  this  being 
also  the  general  direction  of  the  coast  line,  of  the  minor  and  outlying  ranges  of  hills, 
and  therefore  of  the  rivers.  The  geological  structure  is  tolerably  simple,  although 
at  first  sight  apparently  complicated,  from  the  great  disturbances  to  which  the  rocks 
have  been  subjected.  The  central  range  is  of  granite,  occasionally,  but  not  frequently 
of  syenitic  character ;  itself  traversed  by  thick  veins  of  large  crystalline  felspathie 
granite,  and  often  along  its  outer  edges,  or  near  its  junction  with  overlying  slates, 
characterized  by  the  presence  of  tinstone  as  an  ingredient  of  the  mass  disseminated 
among  the  other  mineral  constituents.  This  granite  axis  is  succeeded  by  highly 
metamorphic  rocks  of  gneissic  and  micaceous  character,  themselves  cut  up  by  nume* 
rous  veins  of  granite,  which,  however,  do  not  extend  far  from  the  junction.  Upon 
these  is  a  great  accumulation  of  bluish  and  bluish-black  earthy  beds,  thinly  laminated, 
of  thin-bedded  grits,  and  of  pseudo-porphyritic  rock,  the  normal  character  of  which  is 
an  earthy  hard  rock  with  small  irregularly  disseminated  sub-crystalline  felspar,  pass- 
ing, on  the  one  hand,  into  slates,  and,  on  the  other,  into  grits,  often  coarse  and  con* 
flomeritic.  These  harder  rocks  form  all  the  higher  grounds  of  the  outer  ranges  of 
ills.  This  series,  being  best  seen  in  the  southern  province  of  Mergui,  has  been  pro- 
visionally called  the  "  Mergui "  series.  The  total  thickness  is  about  9000  feet  It  it 
succeeded  unconformably  by  hard  sandstones  in  thick  and  massive  beds,  with  their 
earthy  partings,  generally  of  reddish  tints,  occasionally  deep  red  and  yellowish.  A 
few  beds  are  sligntly  calcareous,  and  in  the  upper  portion  a  few  thin  and  irregular 
bands  of  earthy  blue  limestone  occur.  Above  these  rest  about  200  feet  of  soft  sand- 
stone in  thin  beds,  upon  which  apparently  rests  the  massive  limestone  of  the  country 
so  largely  seen  near  to  Moulmein.  The  thickness  of  the  entire  group  is  about  6000 
feet,  and  as  some  of  its  members  are  but  seen  in  the  northern  province  of  Moulmein, 
1  have  provisionally  called  it  the  "  Moulmein"  series.    To  determine  the  age  of  the 
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older  of  these  two  groups  (the  Mergui)  we  have  no  data.  The  aspect  of  much  of  the 
rocks  is  very  similar  to  the  trappean  ashes  and  felstones  so  abundant  in  the  SOnrito 
rocks  of  this  country,  while  others  are  lithologically  like  Devonian ;  but  these  resem- 
blances are  very  deceptive.  The  age  of  the  Moulmein  series  is,  however,  tolerably 
-defined  by  its  organic  contents.  These  appear  to  fix  the  age  of  the  group  as  distinctly 
carboniferous.  The  whole  of  these  rocks  were,  subsequently  to  their  induration  and 
disturbance,  widely  and  greatly  denuded,  and  on  their  upturned  edges  at  intervals  is 
found  a  series  of  conglomerates  and  sandstones  and  imperfectly  coherent  shales,  with 
thick  beds  of  coal,  generally  of  lignitic  character.  None  of  the  conglomerates  arc 
coarse ;  the  sandstones  are  fine,  gritty,  aud  pebbly,  or  clean  white  quartsose  grits ; 
the  shales  thinly  laminated ;  the  coal  itself  thinly  disposed  in  thin  flaky  Iambus,  wits 
earthy  streaking*  marking  its  structure.  In  addition  to  the  total  unconformity  of 
these  rocks,  the  imbedded  organic  remains  are  quite  distinct.  They  consist  of  dico- 
tyledonous plants  (leaves)  belonging  to  the  group  of  the  Laureaceae,  and  probably  to 
the  genus  Laurophyllum  of  Goppert.  In  the  thin  papery  shales  which  overlie  the  coal 
are  also  remains  offish  (scales,  &c.)  of  freshwater  character ;  the  whole  referring  the 
beds  to  a  very  recent  epoch,  probably  corresponding  in  part  to  the  pliocene  of  Euro- 
Bean  geologists.  It  is  curious  to  notice  here  the  absence  of  any  coal  in  the  carbon* 
ferous  rocks  below,  and  its  abundant  presence  in  those  newer  beds.  The  total  thick- 
ness of  these  beds  does  not  exceed  900  to  1000  feet.  They  are  never  conthiuoasly 
traceable ;  they  occur  heaped  up  against  and  separated  by  the  projecting  ridges  of  tbs 
higher,  grounds,  and  must  have  been  deposited  when  the  physical  conformation  of  the 
country  was  very  similar  to  that  now  existing.  They  appear  to  be  the  result  of  a 
series  of  freshwater  deposits,  formed  in  small  lake-like  expansions  along  the  lines  of 
the  great  drainage  valleys  of  the  country ;  and  to  mark  a  line  of  general  and  greater 
depression  between  the  main  ridge  of  hills  dividing  Siam  from  the  British  dominions, 
and  the  outer  ridges  which  occur  between  this  and  the  sea.  The  direction  of  the 
main  drainage  of  the  country  is  determined,  as  already  remarked,  by  the  direction  of 
these  ranges,  and  is  discharged  into  the  sea  through  narrow  rocky  gorges,  which 
have  a  direction  nearly  east  and  west,  and  which  are  due  to  lines  of  breakage)  and  dis- 
location. To  this  is  due  the  sudden  alteration  in  the  direction  of  the  courses  of  the 
larger  rivers,  as  may  be  seen  on  maps.    Rocks  similar  to  those  situated  in  the  T« 


scrim  provinces  extend  northwards  up  the  course  of  the  Salween  River,  and  into  the 
adjoining  districts  of  Burmah,  to  the  north-east  of  Pegu.  And,  again,  dose  to  the 
capital  of  Burmah,  and  stretching  nearly  north  and  south,  as  far  as  examined,  high 
ridges  of  metamorphic  rocks  are  again  met  with,  consisting  of  gneiss,  mieaceoos 
schists,  and  highly  crystalline  limestones,  occasionally  of  a  fine  white  colour,  and 
largely  used  by  the  Burmese  for  sculpture.  But  the  great  valley  of  the  lrrawady  is, 
throughout  a  very  large  extent  of  its  course,  bounded  on  either  side  by  a  thick  aeries 
of  rocks,  chiefly  sandstones,  but  with  massive  limestones  alto,  which  are  locally  rich 
in  fossils,  and  which,  from  this  evidence,  may  be  clearly  referred  to  the  eocene  period. 
These  stretch  on  both  sides  of  the  river  as  far  north  as  Pugahu,  beyond  which  the 
higher  grounds  recede  from  the  river  banks ;  but  they  are  in  all  probability  continued 
thence  into  Munipoor,  and  so  united  with  the  nummulitic  rocks  of  the  Khaei  and 
Cachar  Hills.  These  rocks  have  been  considerably  disturbed  and  broken,  but  have  a 
general  and  prevailing  strike  nearly  north  and  south,  which  strike,  throughout  many 
miles,  has  determined  the  general  course  of  the  River  lrrawady.  Their  thickness 
ia  considerable,  certainly  exceeding  5000  feet.  Above  these  eocene  rooks,  and  rest- 
ing upon  them  with  slight  unconformity,  is  a  series  of  beds  of  no  very  great  thickness, 
characterized  by  an  abundance  of  gypsum  disseminated  in  thin  layers  and  veins,  and 
in  the  lower  beds  of  which  occur  the  deposits  of  clays  and  of  vegetable  matter,  from 
which  are  derived  the  larger  supplies  of  petroleum.  These  rocks  are  well  seen  at 
Senan  Kyoung  ("  stream  of  foetid  water  ),  and  are  traceable  northwards  to  near 
Amarapura.  In  the  beds  which  appear  to  form  the  uppermost  part  of  this  group,  but 
which  may  possibly  belong  to  another  and  distinct  series,  are  found  some  of  the  fossil 
bones  of  the  larger  animals  which  occur  abundantly  in  this  district.  About  forty 
miles  north  of  Amarapura  we  again  meet  with  sandstones,  shales,  and  coal,  resting  un- 
conformably  on  the  metamorphic  rocks,  and  characterised  by  remains  of  dicotyledo- 
nous trees  similar  to,  if  not  identical  with,  those  found  in  the  coal-yielding  group  of 
the  Tenasserim  provinces,  and  which  are  therefore  referred  to  the  same  age  (plloeene^ 
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This  aeries,  10  fur  as  examined,  proved  of  no  great  extent  or  tbickneM.  We  past  now 
to  the  Kbati  Hills,  which  form  a  comparatively  isolated  range,  rising  suddenly  from  the 
mat  plains  of  Bengal  in  tbo  south,  and  divided  in  the  north  by  the  valley  of  Assam 
from  the  great  Himalaya  or  Bhotan  range.  On  the  southern  face  this  range  rises 
almost  perpendicularly  from  the  plains,  which  are  continuous  from  the  Bay  of  Ben- 
gal, with  scarcely  a  perceptible  change  of  level  to  the  very  foot  of  the  hills,  and,  with 
die  exception  of  a  comparatively  small  thickness  of  metamorpbic  rocks  at  the  base, 
are  composed  of  nearly  horizontal  beds  of  sandstones,  a  few  sbaly  layers,  and  limestone, 
long  known  for  the  abundance  and  beauty  of  the  nummulites  it  contains.  These 
bed*  dip  slightly  to  the  south,  and  die  out  towards  the  north,  when  the  metamorphio 
socks  come  to  the  surface  in  the  hills.  Disregarding  here  any  details  as  to  the  older 
rocks,  the  age  of  the  sandstones  and  limestones  is  unquestionably  fixed  by  their  organic 
contents,  and  therefore,  also,  the  epoch  of  the  coal,  which  is  associated  with  them,  as 
belonging  to  the  great  eocene  period  of  geologists.  No  newer  group  of  rooks  is  defi- 
nitively seen  in  these  hills.  Along  the  southern  face  of  the  range  there  is  evidence 
of  a  great  dislocation  extending  for  manv  miles,  and  possibly  along  the  entire  scarp, 
which  has  brought  down  to  the  level  of  tlie  plains  the  rocks  which  are  seen  at  the  top 
of  the  hills.  This  line  of  dislocation  has  in  all  probability  tended  to  give  the  nearly 
reotiUnear  direction  of  the  escarpment;  its  date  u  fixed  as  at  least  subsequent  to  the 
formation  of  all  the  eocene  rocks  here  seen.  An  older  group  of  sandstones,  consider* 
ably  altered,  is  seen  further  to  the  north,  within  the  hills,  and  also  a  series  of  highly 
metamorphosed  schists  and  grits  resting  upon  the  gneissic  and  granite  rocks ;  but  the 
details  of  these  are  reserved.  Passing  thence  still  further  to  the  north  and  east,  at 
the  base  of  the  Sikkim  Himalayas,  under  the  hill  station  of  Darjiling,  another  section 
was  described.  The  great  mass  of  the  lofty  hills  is  here  composed  of  schistose  rocks 
of  various  characters,  considerably  disturbed  and  contorted.  These,  although  hitherto 
coloured  similarly,  and  considered  as  of  the  same  age,  were  decidedly  different  from, 
and  more  recent  than,  the  gneissose  rocks  of  the  greatest  portion  of  India.  Near  the 
base  of  the  hills,  and  faulted  against  these  rocks  at  high  angles,  there  is  a  small  extent 
of  sandstone  and  black  shales,  which  contain  Vertebra  ta,  Pecopteris,  &c,  similar  to 
those  occurring  in  the  great  coal-fields  of  Bengal.  These  fossils  are  peculiarly  inter- 
esting, from  the  fact  of  their  being  changed  into  graphite,  and  occurring  in  beds 
which  themselves  have  a  very  strongly  marked  graphitic  character.  They  are  of  very 
limited  extent ;  the  greater  portion  of  the  sandstones,  which  in  this  section  exhibit  a 
thickness  of  some  thousand  feet,  belonging  to  a  series  of  much  more  recent  date,  and 
which  has  been  subjected  to  a  much  smaller  amount  of  disturbance  and  alteration. 
The  exact  relation  of  these,  too,  it  has  not  been  possible  to  observe.  This  upper 
group  contains  many  large  stems,  in  all  observed  cases  prostrate,  and  in  most  cases 
giving  evidence  of  great  wear  and  long  exposure  previously  to  being  imbedded ;  and 
in  some  of  the  finer  and  more  earthy  deposits  an  abundance  of  leaves  occurs,  of  the 
same  general  character  as  those  already  noticed  as  occurring  in  Burmah  and  Tenas- 
serim.  This  group  was  therefore  provisionally  referred  to  the  same  age  (pliocene). 
No  traces  of  the  great  nummulitic  series  had  been  observed  iti  this  district.  In  the 
•more  central  portions  of  India  three  very  large  districts  had  been  examined,  to  which 
he  would  now  refer.  One  of  these  was  to  the  south  of  Calcutta,  in  the  district  of 
Cuttack;  the  second  included  all  the  country  between  the  great  coal-field  of  the  Da- 
moodah,  which  had  previously  been  mapped  by  Mr.  Williams,  and  the  River  Ganges, 
extending  northwards  to  Rajmahal  and  Bhagulpore;  and  the  third  extended  along 
jtho  valley  of  the  Nerbudda  from  west  of  the  Hosungabad  to  many  miles  east  of  Jub- 
bulpur.  For  the  details  of  the  first  of  these  he  was  indebted  chiefly  to  his  able  assist- 
ants, Messrs.  Blandford ;  for  the  last  to  Mr.  Jos.  Medlicott,  who  had  very  lealously 
worked  it  out,  having  to  carry  on  the  formation  of  a  topographical  map  at  the  same 
time.  In  all  these  cases  the  sedimentary  rocks,  to  which  he  would  refer,  formed 
portions  of  a  series  once  more  widely  extended,  and  probably  continuous  over  the 
whole  country,  now  separated  by  denudation,  from  removal  by  which  they  have  been 
•in  great  part  protected,  by  being  faulted  into  and  against  the  highly  metamorphio 
gneiss,  &c.  which  surround  them.  The  Talcheer  field  extends  for  about  70  miles 
from  east  to  west,  with  an  average  breadth  of  15  to  20  miles,  and  is  bounded  both  on 
the  north  and  south  by  great  parallel  faults,  the  former  of  which  has  an  aggregate 
throw  of  upwards. of  2000  feet;  these  faults  are  not  truly  east  and  west,  but  to  the 
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south  of  east  and  north  of  west.  The  section  in  ascending  order  of  the  1 
at  the  base  sandstone  and  blue  shale,  but  slightly  fossiliferous  in  thickness  from  500 
to  600  feet ;  over  these  is  a  series  of  shales  and  sandstones  often  micaceous,  occasional 
beds  of  ironstone,  and  thin  layers  of  coal  and  coolly  shale,  giving  a  total  thickness  «f 
about  1 800  feet ;  and  over  these  again  is  a  distinct  series  of  quartzose  grits,  congat- 
meratea,  and  sandstones,  in  thickness  from  1600  to  2000  feet  These  three  groups 
are  unconformable  each  to  the  other ;  the  unconformity  between  the  two  lower  beJB& 
however,  much  less  marked  than  that  between  the  two  upper.  To  the  lower  group, 
as  having  been  first  recognized  and  described  in  this  district,  the  name  of  "  Talcbeer" 
series  has  been  given ;  the  second  group,  which,  from  its  imbedded  vegetable  remans* 
was  proved  to  be  identical  with  the  rocks  of  the  extensive  Oamoodah  coal-field  wan 
these  were  first  described,  has  been  denoted  the  "  Damoodah"  series;  while  the  upper 
group,  supposed  to  represent  the  great  series  of  rocks,  so  magnificently  seen  In  the 
Mahadeva  Hills  of  Central  India,  has  been  called  the  "  Mahadeva"  series.  Thus 
these  series  can  be  recognized  in  each  of  the  extensive  fields  referred  to,  although  with 
varying  developments  and  thicknesses.  At  the  base  of  the  Talcheer  series  there  is  a 
remarkable  bed,  consisting  of  very  large  and  only  slightly  rounded  masses  of  granite 
and  gneiss,  imbedded  in  a  fine  silt,  and  occurring  under  such  conditions  as  induce  the 
opinion  that  the  action  of  ground  ice  has  been  the  cause  of  its  formation.  In  the 
Rajmahal  district,  there  is  a  very  limited  development  of  the  lower  beds,  above  which 
unconformably  comes  the  Damoodah  series,  here  exhibiting  a  greater  extension  up- 
ward than  in  Cuttack ;  but  unfortunately  the  sequence  of  the  rocks  is  interrupted  by 
the  intercalation  of  several  successive  floes  of  basaltic  trap,  the  intervals  between 
which  have  been  marked  by  the  continued  and  tranquil  deposition  of  the  mechanical 
rockfc  going  on.  These  floes  have  been  repeated  six  or  seven  times,  and  the  pheno- 
mena of  contact  are  in  all  cases  marked ;  the  upper  layers  of  the  mechanical  deposits 
in  contact  with  the  trap  being  in  all  cases  greatly  altered,  while  the  lower  layers  are 
in  no  cases  changed,  but  rest  unaltered  on  the  degraded  surface  of  the  undetiyisf 
trap.  But  while  the  actual  physical  sequence  of  the  deposits  cannot  be  here  ttacea, 
the  fact  of  their  all  belonging  to  the  same  great  series  is  attested  by  the  occurrence  of 
some  identical  fossils  throughout.  A  few  species  pass  upwards  through  the  series, 
but  there  is  a  very  marked  change  in  the  general  facies  of  the  flora  in  the  upper  at 
compared  with  the  lower  portion  of  the  group ;  the  latter  characterised  by  the  abun- 
dance of  Pecopteris,  &c,  the  former  by  the  abundance  of  zamia-like  plants.  Tbs 
series,  therefore,  has  been  divided  into  Upper  and  Lower  Damoodah  rocks.  For 
the  details  of  the  structure  of  the  district,  reference  was  made  to  the  maps.  In  tbs 
Nerbudda  district  the  series  was  less  interrupted,  and  there  also  the  same  general 
results  were  obtained.  The  southern  boundary  of  this  great  field  was  for  a  largs 
part  of  its  course  produced  by  a  great  fault,  having,  quam  proximo,  the  same  general 
direction  as  that  of  the  faults  bounding  the  Talcheer  field.  The  age,  geologically 
considered,  of  these  Damoodah  rocks  was  briefly  referred  to.  A  large  series  of  draw* 
inga  of  the  fossil  plants  from  them  were  exhibited,  and  the  fact  of  the  general  oolitic 
facies  of  this  group,  especially  of  those  from  the  upper  beds,  pointed  out*  The 
difficulty  of  the  question  was  alluded  to,  especially  in  connexion  with  the  discs- 
very,  on  the  one  side,  of  several  species  identical  with  those  found  in  these  Indian 
-rocks  in  the  Australian  coal-fields,  associated  with  numerous  animal  remains  distinctly 
referable  to  the  lower  carboniferous  era  ;  and,  on  the  other  hand,  with  the  discovery 
in  Cutch  of  other  species,  also  identical  with  some  of  these  Indian  forms,  in  beds 
associated  with  animal  remains  undoubtedly  referable  to  the  oolitic  epoch.  It  must, 
however,  be  borne  in  mind  that  the  latter  forms,  or  those  which  the  evidence  of  asso- 
ciated animal  remains  would  show  to  be  oolitic,  are  only  found  in  the  upper  beds  of 
tl*e  Damoodah  series,  while  those  which  are  common  to  the  Australian  fields  axe  those 
chiefly  found  in  the  lower  bed*.  Unfortunately,  no  animal  remains  whatever  hare 
been  found  with  these  plants  in  the  district*  examined,  excepting  some  annelids  tracts 
useless  as  distinctive  forms.  He  preferred,  under  these  circumstances,  waiting  fcr 
further  evidence  before  giving  any  definite  opinion  as  to  the  age  of  this  widely-ex- 
tended and  important  group  of  rocks.  Mr.  Oldham  then  stated  that  there  seemed 
good  reason  for  separating  altogether  from  the  several  groups  of  rocks  to  which  hi 
had  referred  the  whole  of  the  great  thickness  of  sandstones  which  formed  thegisst 
Vindhyan  range,  extending  almost  entirely  across  India,  from  the  mouths  of  the 
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Nerbudda  to  the  Ganges  at  Monghyr.  These  appeared  to  be  of  prior  date,  and  there 
was  a  probability  that  there  was  a  great  line,  or  a  group  of  lines,  of  dislocation  pass- 
ing along  the  general  line  of  the  valley  of  the  Nerbudda,  and  the  effects  of  which 
might  be  traced  over  a  very  large  area,  extending  towards  the  north-east,  possibly 
even  into  the  Valley  of  Assam.  Besides  the  examination  of  these  districts,  which 
together  included  an  area  of  more  than  30,000  square  miles,  the  Geological  Survey  had 
been  able  to  add  to  the  knowledge  of  the  structure  of  the  country  in  other  ways.  1.  An 
excellent  selection  of  fossils  from  the  neighbourhood  of  Verdachellum  in  Madras,  for 
which  they  were  indebted  to  Brooke  Cunlifle,  Esq.,  who  had  been  associated  with  the 
Rev.  Mr.  Cay  in  the  first  examination  of  these  fossils,  had  enabled  them  to  add  largely 
to  the  lists  of  Forbes,  and  to  establish  more  conclusively  than  before  the  cretaceous 
age  of  these  deposits.  2.  The  exertions  of  Captain  Keatingc  at  Mundlaiser,  to  whom 
Mr.  Oldham  had  pointed  out  the  interest  of  the  inquiry,  had  collected  a  good  set  of 
organic  remains  from  the  limestone  at  Bang,  to  the  west  of  Mhow,  which  had  enabled 
him  to  fix  the  age  of  those  deposits  as  contemporary,  or  nearly  so,  with  the  cretaceous 
beds  of  Trichinopoly  and  Verdachellum.  This  discovery  gives  rise  to  many  import- 
ant speculations  as  to  the  age  of  other  beds,  and  also  as  to  the  epoch  of  the  elevation 
of  all  Central  India;  but  more  data  were  required  before  these  could  fairly  be  entered 
upon.  

On  the  Ironstones  in  the  Oolitic  District  of  Yorkshire.    By  John  Phillips* 
M,An  LL.D.y  F.R.S.,  Reader  in  Geology  in  the  University  of  Oxford. 


On  the  Discovery  of  Paradoxides  in  New  England. 
By  Professor  W.  B.  Rogers. 

On  the  Geological  Survey  of  Pennsylvania.    By  Professor  H.  D.  Rogers* 


On  the  Fossils  of  the  Dingle  District    By  J.  W.  Salter,  F.G.S. 

In  this  communication  the  author  gives  the  detailed  succession  of  beds  in  a  section 
from  Sibyl's  Head  on  the  north  to  Dunquin  and  Machin  Mountain  on  the  south,  and 
shows  from  the  fossil  succession,  as  had  also  been  demonstrated  by  Mr.  G.  Du  Noyer 
from  sections,  that, — 

1.  There  is  no  evidence  of  a  treat  anticlinal  arch,  including  the  whole  of  the  Silu- 
rian beds,  nor  of  a  double  anticlinal  divided  by  the  mass  of  Clogher  Head  (there  is 
however,  a  great  flexure  and  fault  at  this  point),  but  rather  the  underlying  rocks,  Silu* 
rian  and  Lower  Devonian,  taken  in  a  rough  sense,  lie  in  a  rude,  faulted  and  broken 
synclinal,  the  lowest  beds  being  respectively  at  Sibyl's  Head  on  the  north,  and  at  the 
Bull's  Head  promontory  east  of  Dingle,  on  the  south. 

2.  The  Wenlock  and  Ludlow  formations  are  present,  each  well-developed,  and 
very  much  like  those  of  Britain,  with  some  differences  in  the  distribution  of  the  fos* 
sils.  The  Chonetet  lata,  for  example,  a  characteristic  Ludlow  fossil  in  Britain,  is 
here  most  abundant  in  the  lower  Wenlock  beds.  Many  common  trtlobites  and  shells 
also  occur  in  it.  Great  coral  beds  (chiefly  Favorites  polymorpha)  distinguish  the 
Wenlock  series,  with  abundance  of  a  large  Spirifer,  S.  bijugosut,  and  of  Aviculae  pecu- 
liar to  the  district. 

Pentamertis  Knightii,  Rhynchonella  navicula,  with  several  species  of  corals,  mark 
the  upper  or  Ludlow  series;  and  there  is  a  mass  of  /ticoirf-bearing  strata — very  re* 
markable  and  persistent — between  the  Ludlow  and  Wenlock  series.  At  Bull's  Head 
promontory,  beds  with  Pentameri  occur  beneath  Wenlock  strata ;  and  though  these 
cannot  be  connected  with  the  beds  to  the  northward,  there  is  reason  to  think  them  die 
equivalents  of  the  beds  at  Sibyl's  Head  (which  underlie  the  old  red  conglomerates), 
and  that  they  are  here  brought  up  by  enormous  faults. 

Lastly,  attention  is  drawn  to  the  met,  that  this  is  the  only  Upper  Silurian  district  of 
Ireland ;  that  of  Uggool,  county  Mayo,  being  rather  the  uppermost  beds  of  the  great 
Llandovery  or  May  Hill  sandstone  series,  so  fully  developed  in  Connemara* 
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On  Erosion  of  Rivers  in  India. 
By  Hermann  and  Robert  Schlagintweit. 

Amongst  the  phenomena  which  characterise  the  course  of  lam  tropical  rivers,  sad 
which,  although  not  entirely  wanting  in  European  rivers,  are  still  but  very  imperfectly 
developed  in  them,  are  the  considerable  alterations  in  their  amount  of  water,  recurring 
periodically  at  various  seasons  of  the  year,  the  amount  of  their  suspended  matter,  aai 
especially  the  astonishing  vastnew  of  their  erosions.  The  erosion  of  the  rivers  eeasisti 
in  their  constantly  deepening  their  beds,  and  thus  slowly,  but  constantly  reesdiag 
from  the  general  surface. 

It  is  indeed  the  erosion  that  is  most  highly  and  generally  developed  in  Indian 
rivers,  both  in  their  lower  course  in  the  plains,  and  especially  in  their  middle  sad 
upper  course  in  the  mountains,  in  the  Himalaya  and  in  Tibet  When  correctly 
recognized  and  determined,  it  is  moreover  interesting,  because  it  furnishes  important 
data  for  the  explanation  of  mauy  geographical,  geological  and  physical  condition*. 
.  But  before  referring  to  some  of  the  numerous  phenomena  which  stand  partly  ia 
intimate  connexion  with  the  erosion  of  rivers,  and  are  partly  an  immediate  conse- 
quence thereof,  we  venture  to  illustrate  the  vastness  and  universal  extension  of  the 
erosion  of  Indian  rivers  by  a  few  examples  and  numbers. 

The  erosion  is  greatest  in  the  upper  course  of  the  river,  in  the  mountains.  But 
even  in  the  plains  it  is  generally  recognisable,  and  even  here  it  not  unfrequently 
attains  a  magnitude  of  80  to  120  feet 

But  in  the  Himalaya  and  Tibet  the  average  magnitude  of  the  erosion  of  the  riven, 
even  the  small  ones,  amounts  to  1200 — 1500  feet,  frequently  exceeds  2000  feet, 
and  in  some  cases,  as  m  the  upper  course  of  the  Ganges,  the  Sutlej  and  the  Indus, 
even  attains  the  extraordinary  magnitude  of  3000  feet,  or,  to  express  ourselves  more 
generally,  the  bed  of  each  of  these  rivers  was  originally  in  the  most  extreme  cases, 
3<)00  feet  higher  than  at  present ;  and  a  stratum,  partly  of  solid  rock,  partly  of  allu- 
vium of  a  thickness  of  3000  feet,  has  been  removed. 

These  relative  magnitudes  were  so  surprising,  and  the  effects  of  erosion  in  general 
were  no  new  a  subject  of  investigation,  tnat  we  had  at  first  much  difficulty  in  find- 
ing those  data  which  might  guide  us  in  the  definitive  determination  of  die  mag- 
nitude of  the  erosion.  A  summary  of  the  various  topographical  forma  which  served 
u*  as  well-defined  starting-points  in  the  determination  of  the  magnitudes,  with  a  short 
discussion  of  the  value  of  each  of  these  forms,  may  not  be  without  interest 

The  most  essential  positive  data  for  the  determination  of  erosion  are : — 
„  Spoon-shaped  erosions  in  the  walls  of  valleys ;  detritus,  partly  different  from,  partly 
jdentical  with  those  still  occurring  in  the  river  (which  are  often  deposited  on  level 
s urfaces) ;  and  connected  Hues  of  conglomerates  of  sand  and  freshwater  shells  along 
the  steep  walls  of  the  valleys.  In  the  Himalaya  and  in  Tibet  these  often  occurred, 
most  distinctly  marked,  at  elevations  exceeding  the  level  of  the  present  bed  of  the 
river  bv  3000  feet. 

In  the  most  various  rivers,  and  under  the  most  multifarious  conditions,  some,  but 
certainly  not  all  the  forms  which  we  have  just  cited  as  characteristic  of  erosion,  vect 
always  present,  so  that  we  were  able  in  almost  all  places  to  measure  the  erosion 
jUrectly,  and  to  determine  it  more  accurately  than  the  subject  would  lead  one  to  expect 
.  In  the  plains,  as  has  already  been  mentioned,  the  magnitude  of  the  erosion  ia  much 
jess,  namely  80  to  120  feet,  but  the  form  is  perfectly  different. 

Prom  the  Kaveri,  Pener,  Kistna  and  God  a  very,  in  the  south  of  India,  and  from  tbs 
rivers  of  central  India  up  to  the  plain  of  the  Ganges,  all  the  rivers  have  a  distinctly 
marked  bed  of  erosion,  in  which  two  stages  are  to  be  distinguished;  one  for  the  average 
height  of  the  lower  or  ordinary  height  of  water;  and  the  other,  the  rainy  river-bed,  for 
the  maximum  height  of  the  water. 

.  ^  The  magnitude  of  the  rainy  river-bed  is  astonishing;  in  the  lower  course  of  the 
Ganges,  the  Brahmaputra  and  the  Indus,  it  sometimes  amounts  to  three  or  four  miles, 
whilst  the  bed  for  the  average-water  level  is  about  one  mile  in  breadth.  It  is  remark- 
able that  the  rainy  river-bed  increases  in  relative  siie  the  smaller  the  regular  bed  of 
the  river  is. 

During  nine  months  of  the  year  the  river  runs  in  its  regular  bed,  whilst  its  rainy 
bed  lies  dry,  bearing  fruitful  crops  on  some  rivers,  such  aa  the  Ganges  and  Jumna 
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especially ;  but  oq-  others,  at  on  the  Indus  and  Sutlej,  occupied  by  line  sand  and  shells, 
forming  barren  zones  along  their  shores. 

The  overflow  of  the  river  commences  within  a  few  days  after  the  commencement 
of  the  rainy  season ;  as  the  rainy  season  increases,  it  swells  so  rapidly,  that  by  careful 
observation,  even  without  instruments,  the  increase  of  the  river  may  be  traced  from 
hour  to  hour,  like  the  rising  of  the  sea  during  the  tide  of  flood,  until  after  uninter- 
rupted rain,  it  completely  fills  both  its  ordinary  bed  and  its  rainy  river-bed,  and  then 
has  a  breadth  of  four  to  five  miles,  a  magnitude  which  is  even  far  exceeded  by  many 

The  small  rivers  swell  in  the  same  way  as  the  large  ones,  but,  as  we  have  remarked 
above,  the  rainy  river-bed  being  larger,  in  proportion  as  the  river  is  smaller,  impass* 
able  streams  are  now  produced,  where  a  few  days  before  there  stood  small  pools  filled 
with  water  scarcely  an  inch  in  depth. 

So  long  as  the  river  only  fills  its  rainy  river-bed,  although  it  may  be  four  or  five 
miles  broad,  this  rise  has  not  by  any  means  become  an  inundation.  The  mass  of  water 
is  completely  enclosed  between  the  two  sides  of  the  rainy  river-bed.  An  inundation 
only  takes  place,  when  the  river,  being  swollen  by  unusually  continuous  rains,  or  by  a 
greater  melting  of  the  snow  in  the  mountains,  rises  above  its  rainy  bed,  which  is  en- 
closed by  high  banks,  and  then  covered  the  neighbouring  plains  like  a  lake.  Unlike 
die  rivers  of  Europe,  destructive  inundations  are  rare  in  most  Indian  rivers. 

The  commencement  of  the  formation  of  deltas  is  situated  where  the  periodical  rise 
of  the  river  somewhat  exceeds  the  height  of  the  rainy  bed.  Inundations,  but  of  a 
harmless  kind,  occur  here  regularly  every  year,  as,  for  example,  to  the  south  of  Dacca 
and  Berhampoor  in  Lower  Bengal. 

But  in  the  upper  parte  of  almost  any  large  river  district,  inundations  do  not  occur 
regularly,  but  only  occasionally,  and  they  both  take  place  suddenly  and  leave  destruc- 
tive effects  behind  them.  One  of  the  greatest  inundations  took  place  along  the  Indus 
in  the  summer  of  1850,  in  its  middle  course  between  Dera  Ismael  Khan  and  Mithan- 
kot,  where  the  river  attained  a  breadth  of  nearly  seven  miles,  its  regular  rainy  bed 
extending  two  miles  in  breadth  ;  and  where,  in  the  winter  of  1856-57,  after  the  lapse  of 
six  months,  we  saw  profitable  fishing  going  on  in  pools  and  channels  which  the  Indus 
had  left  behind  in  its  return,  in  places  where  for  years  only  corn  had  grown. 

That  the  phenomena  of  erosion  in  the  plains  should  so  many  times  exceed  similar 
phaenomena  in  Europe,  may  be  satisfactorily  explained  here  by  the  magnitude  of  the 
mass  of  water  and  its  periodical  accumulation  at  particular  seasons  of  the  year. 

It  is  more  difficult,  however,  to  explain  the  enormous  erosions  in  the  mountains  in 
the  north  of  India.  In  the  Himalaya  itself  the  quantity  of  rain  is  one  of  the  most 
essential  causes,  but  here,  as  in  Tibet)  the  narrowness  and  steepness  of  the  valleys 
combine  with  this  to  increase  the  action  extraordinarily.  Hence  it  is  that  the  entire 
eroding  force  of  the  masses  of  water  poured  down  is  definitely  concentrated  in  the 
middle  of  the  valleys.  Waterfalls  and  lakes,  wherever  they  occur,  are  only  possible 
as  long  as  the  erosion  has  not  yet  reached  a  certain  maximum.  In  the  Himalaya  and 
Tibet  both  are  wanting.  Lakes  have  been  emptied  by  the  constantly  progressive 
erosion,  as  is  evidenced  by  numerous  beds  of  lakes  now  dry ;  in  many  cases  the  evapo- 
ration has  so  greatly  increased,  after  so  many  watery  surfaces  ceased  to  exist,  that  the 
lakes  still  remaining  begin  to  grow  saline. 

Waterfalls  have  also  formerly  existed,  but  the  lateral  valleys  have  now  become  so 
nearly  equal  in  level,  in  their  lower  parts,  with  the  principal  valleys,  in  which  the 
erosion  progresses  more  slowly  in  proportion  in  consequence  of  their  smaller  inelina* 
tion,  that  the  subsidiary  rivers  unite  with  the  principal  streams  with  scarcely  an 
acceleration  of  the  current. 

This  gradual  production  of  valleys,  of  which  the  bed  has  become  some  thousands  of 
feet  deeper,  must  naturally  have  had  the  greatest  influence  upon  the  physical  con- 
ditions. 

We  should  dread  extending  our  remarks  too  far,  if  we  did  more  than  indicate  the 
essential  consequences  of  erosion,  to  which  we  may  perhaps  hereafter  have  the  oppor- 
tunity of  adverting  again ;  and  we  here  mention  in  conclusion,  only,— elevation  of 
temperature ;  thermic  action  of  the  currents  of  air  ascending  the  valleys  along  their 
sleep  walla ;  alternation  of  the  conditions  of  moisture,  and  the  changes,  so  intimately 
connected  with  these,  in  the  distribution  of  plants ;  and  extension  of  the  glaciers. 
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On  some  Facts  connected  with  Slaty  Cleavage* 
By  H.  C.  Sorby,  F.R.S.,  F.G.S. 

This  communication  contained  an  account  of  some  of  the  general  concranoni  the 
author  had  arrived  at  since  the  publication  of  his  papers  on  the  subject.  The  mkro- 
scopical  mineral  structure  of  much  so-called  clay  slates,  is  entirely  different  from  tbt 
modern  deposits  of  clay,  formed  from  decomposed  felspar,  or  from  those  occurring  is 
strata  that  have  undergone  no  subsequent  chemical  change.  In  fact  they  contain 
little  or  no  clay,  according  to  the  usual  acceptation  of  the  term— no  felspar  e/ffjr,— bat 
are  often  almost  entirely  composed  of  very  minute  plates  and  crystals  of  a  peculiar 
mica,  so  that  they  might  be  called  mica  clay-slates.  Though  differing  matenaDy  in 
several  particulars,  they  are  thus  analogous  to  very  fine-grained  mica-schists,  rats 
which  they  gradually  pass  by  the  increase  in  the  size  of  the  crystals  of  mica.  The 
form  of  many  of  the  particles  of  which  they  are  composed,  and  the  manner  in  which 
they  are  arranged,  are  quite  different  from  what  are  seen  in  rocks  that  have  beea 
merely  deposited  from  suspension  as  mud,  but  are  extremely  like  what  occur  whea 
minute  crystals  are  formed  in  situ.  When  not  altered  by  subsequent  mechanical 
movements,  the  structure  most  closely  resembles  that  of  pseudomorphs  of  mica  or 
chlorite  after  felspar.  If  then  it  be  supposed  that  the  material  had  been  at  first  depo- 
sited as  a  decomposed  felspar  clay,  and  that  a  subsequent  alteration  occurred,  so  as  to 
convert  it  into  a  mass  of  minute  crystals  of  mica,  the  physical  structure  could  easflr 
be  explained ;  and  it  would  not  be  requisite  to  suppose  that  the  deposit  was  originally 
in  any  way  different  from  the  ordinary  clays  of  more  modern  periods.  That  this 
change  is  physically  possible  is  proved  by  the  occurrence  of  large  crystals  of  felspar; 
entirely  replaced  by  mica  and  quartz ;  and  that  the  chemical  composition  of  a  deposit 
of  partially  decomposed  felspar  is  the  same  as  that  of  a  mixture  of  mica  and  quarts, 
may  be  readily  seen  by  comparing  their  composition.  This  may  very  clearly  be  shown 
by  employing  the  very  simple  formulae  for  felspar,  mica,  and  clay  adopted  by  Gmehn 
in  his  •  Handbook  of  Chemistry '  (Cavendish  Soc.  translation,  vol.  iii.  pp.  415, 441 
and  449). 

2  equivalents  of  clay      «  48-l=2Alj03+  4SiO,-f4aq 
1  „         of  felspars  51-9=  ^,0,+  6SiOa+KO 

1000    3A1, O9+10SiO,+  KO+4aq 
1  equivalent  of  mica      =  70-8=3Al,  0,+  6SiO,+KO 
4  equivalents  of  quartz  =  22*6=  4SiO, 

4  equivalents  of  water  ss    6-6=  4aq 

1000    3 A^  O.+  lOSiO.+  KO+iaq 

The  presence  of  the  oxides  of  iron  and  other  bases  in  the  clay  would,  of  course,  mate- 
rially modify  these  results ;  and  when  sufficient  magnesia  was  present,  it  probably 
determined  the  formation  of  chloritic  or  steatitic  slate. 

The  author  therefore  thinks  that  such  clay-slate  as  is  almost  entirely  composed  of 
mica  was  originally  a  deposit  of  ordinary  felspar  clay,  and  that,  probably  under  the 
action  of  water  at  a  high  temperature,  this  was  altered  into  a  mass  of  minute  crystals  of 
mica.  The  quartz  appears  to  have  either  remained  disseminated  amongst  the  mica, 
or  to  have  been  removed  and  deposited  in  other  situations ;  for  quartz  veins  are  of  very 
general  occurrence  where  this  change  has  occurred,  but  are  usually  absent  from  thest 
strata  where  the  felspar-clay  remains  in  its  original  condition.  This  view  of  the  sub- 
ject is  of  much  interest  in  connexion  with  slaty  cleavage,  since  it  explains  why  the 
minute  particles  of  mica  were  arranged  so  very  promiscuously  in  all  directions  before 
the  cleavage  was  developed  by  pressure ;  a  fact  which  presented  great  difficulty,  when 
it  was  supposed  that  they  had  been  simply  deposited  as  mud  from  suspension  in 

The  author  then  proceeded  to  point  out  that  there  are  two  distinct  extreme  kinds 
of  structure  that  have  often  been  confounded  under  the  term  slaty  cleavage*  One  of 
these,  characteristic  of  the  best  roofing-slates  of  Wales,  is  an  ultimate  structural 
weakness,  quite  independent  of  any  actual  fractures  or  breaks  of  continuity,  and  may 
thus  be  called  ultimate-structure-cleavagc.  Experiments  clearly  prove  that  this  if 
just  such  a  structure  as  would  result  from  the  rock  yielding  to  pressure  as  a  plastic 
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substance ;  and  the  amount  of  absolute  compression  when  the  cleavage  was  developed, 
as  deduced  from  the  form  of  the  green  spots,  indicates  that  the  amount  of  water 
squeezed  out  was  almost  exactly  the  same  as  is  requisite  to  render  clay  quite  plastic. 
The  other  extreme  structure  is  a  cleavage  due  to  very  close  joints,  often  so  close  as  to 
be  quite  undistinguishable  unless  a  thin  section  is  examined  with  the  microscope, 
whilst  the  arrangement  of  the  particles  in  the  spaces  between  them  is  independent  of 
the  direction  of  the  joints,  and  is  often  related  to  quite  another  plane.  This  kind  of 
cleavage  may  therefore  be  called  c/ote-joinlf-cleavage ;  and  agrees  with  what  experi- 
ment shows  would  have  been  the  result  if  the  rock  had  yielded  to  chance  of  dimen- 
sions like  a  rigid  body,  by  the  formation  of  close  cracks.  These  two  kinds  of  cleavage 
obey  materially  different  laws;  but  at  the  same  time,  in  like  manner  as  there  is  a 
gradual  passage  from  rigidity  to  plasticity,  so  there  is  also  between  these  two  kinds  of 
structure,  due  to  the  rocks  yielding  in  one  way  or  the  other  according  to  the  circum- 
stances of  the  case ;  and  thus  the  structure  affords  an  indication  of  the  actual  condi- 
tion of  the  rocks  at  the  time  when  they  were  compressed;  and  perhaps  also,  in  some 
cases,  indicates  whether  the  movements  of  elevation  were  sudden  or  gradual. 

The  paper  concluded  with  a  list  of  the  various  physical  structures  the  author  had 
met  with  in  stratified  rocks.  A  difference  in  the  kind  of  chemical  change  that  has 
occurred,  and  the  previous  or  subsequent  action  of  mechanical  compression,  when  the 
rocks  were  in  a  condition  «to  yield  as  plastic,  flexible,  or  rigid  bodies,  have  produced 
many  more  distinctly  differeut  structures  than  has  been  usually  supposed. 

On  a  Fossil  of  the  Severn  Drift.    By  the  Rev.  W.  S.  Symonds. 

The  excavations  of  the  alluvial  drift  of  the  Severn  at  Tewkesbury  Uam  arc  nearly 
40  feet  deep,  and  the  river-bed  itself  has  been  dredged  to  the  depth  of  7  feet.  The 
river-bed  contains  osseous  relics  of  the  human  race  several  feet  below  the  surface  of 
the  gravel;  these  are  associated  with  the  remains  of  Roman  pottery,  the  vertebra  of 
a  whale,  and  many  singular  .round-shaped  glass  bottles  of  great  thickness.  The  allu- 
vial drift  is  a  mass  of  clay  and  brick  earth,  39  feet  thick,  resting  upon  an  ancient 
river-bed  of  gravel  and  shingle,  and  about  37}  feet  from  the  surface  we  find  the  fos- 
silized antler  of  a  large  stag  (Cervus).  This  antler  is  at  the  base  of  the  brick  earth, 
a  few  feet  above  the  gravel,  I  was  interested  in  observing  the  difference  in  the  state 
of  fossilization  between  the  vertebra  of  the  whale,  which  is  little  altered,  and  the  antler 
of  the  deer,  which  is  nearly  stone.  The  antler  is  in  much  the  same  state  as  those 
mammalian  remains  discovered  by  Mr.  Strickland  in  the  drifts  of  Avon  Valley ;  while 
we  may  compare  the  vertebra  of  the  whale  with  the  large  crooked-horned  head  of  a 
Bison,  obtained  by  Mr.  Strickland,  sen.,  from  the  Avon  river-bed.  From  comparison 
of  the  fossils,  I  am  inclined  to  believe  that  the  cervine  antler  of  the  Severn  is  the 
relic  of  an  animal  that  lived  in  the  period  of  the  Bos  primigeniust  a  fine  skull  of 
which  is  in  Mr.  Strickland's  possession. 

On  a  New  Species  of  Eurypterus  from  the  Old  Red  Sandstone  of  Hereford* 
shire.  By  the  Rev.  W.  S.  Symonds. 
This  fossil  was  discovered  by  the  parish  clerk  of  Rowlstone,  Herefordshire,  and  pre- 
sented to  the  Rev.  W.  Wenman.  Mr.  Symonds  examined  the  correlation  of  the  rocks 
iu  which  this  fossil  was  found,  and  stated  that  they  were  grey  sandstones  of  the  upper 
Cornstones,  and  pass  upwards  into  those  red  and  chocolate-coloured  sandstones  which 
are  surmounted  by  the  "  Old  Red  conglomerate."  The  Eurypterus  is  a  Silurian  fossil 
of  the  Lower  Tilestones,  found  by  Mr.  Banks  associated  with  Pterygotvs,  Pteraspis, 
and  Himantopterut  At  Kington,  and  again  in  the  Upper  Tilestones  of  Kidderminster, 
by  Mr.  Roberts,  with  Cephalaspis  Lgelli,  Parka  decipiens,  and  Pteraspis  truncatits. 
u  Eurypterus  pygmaus"  is  found  with  the  Lingula  corneaf  but  the  large  form  of  that 
crustacean,  now  about  to  be  described  by  Mr.  Salter,  is  a  different  and  entirely  new 
species.  

On  the  Geology  of  the  GdUy  Mountains,  fyc. 
By  A.  B.  Wynne,  Geological  Survey. 
The  author  presented  a  north  and  south  section  across  the  summit  of  Galty  More 
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from  an  outlier  of  the  coal-measures  on  the  south,  through  the  earrjonffierou*  lime* 
stone,  Old  Red  Sandstone,  and  Silurian,  to  the  limestone  of  the  Glen  of  Aherknr  es 
the  north.  This  section  may  be  regarded  as  typical  of  the  geological  structure  of  tke 
lofty  range  of  the  Oalty  Mountains,  among  the  highest  in  the  south  of  Ireland,  react- 
ing an  elevation  of  3014  feet  above  the  sea.  The  Lower  Silurian,  occupving  chid? 
a  large  hollow  in  the  centre  of  the  ranee,  surrounded  by  hills  of  varying  height,  cap- 
ped with  the  lower  conglomerate  of  the  Old  Red  Sandstone,  is  composed  of  dark- 
coloured  green,  olive,  red,  and  pnrple  slates,  grits  and  gritty  sandstones  generally 
striking  in  a  nearly  east  and  west  direction,  dipping  at  high  angles,  sometimes  to  the 
north,  sometimes  to  the  south,  and  often  much  contorted.  Upon  and  unconformable 
to  it  rests  the  Old  Red  Sandstone,  which,  from  previously  existing  irregularities  in  the 
surface  of  the  Silurian,  or  from  other  causes,  seems  to  have  been  very  unequally  dtps* 
kited,  as  seen  by  referring  to  the  section,  where  this  formation  is  represented  on  the 
north  by  somewhat  less  than  half  its  thickness  to  the  south.  It  frequently  presents  fiat 
examples  of  oblique  lamination ;  aud  the  only  traces  of  organic  life  met  with  in  it  were 
some  small  markings  of  two  kinds,  probably  annelid  tracks,  or  fucoids,  in  bed*  of  fiat 
red  sandstone,  near  the  base  of  the  formation,  specimens  of  which  were  exhibited. 
The  basal  bed  of  the  Old  Red  Sandstone  is  generally  a  thick  soft  conglomerate  formed 
of  red  grit,  pebbles,  and  fragments  of  the  Silurian  rocks  in  a  purple  paste,  with  very  few 
pebbles  of  quarts.  This  character  is  not,  however,  constant,  for  it  is  sometimes  farad 
to  be  a  green  breccia  with  some  rounded  fragments  of  purple  grit,  and  sometimes  s 
few  beds  of  red  sandstone  intervene  between  the  conglomerate  and  the  Silurisa. 
Further  up  in  the  formation,  at  about  half  its  thickness,  occurs  another  marked  baas' 
of  conglomerate,  the  space  between  it  and  the  basal  one  being  occupied  by  red  grits 
and  sandstones.  It  is  in  one  place  400  feet  thick,  and  its  pebbles  are  chiefly  of  quarts 
in  a  purple  paste.  Small  and  much  rounded  pebbles  of  syenite  and  trap  are  also  found 
in  it,  as  well  as  some  fragments  of  green  and  grey  grit.  Above  this  are  more  red 
grits,  becoming  paler  as  they  approach  the  top,  and  having  bands  of  liver-coloured 
shale,  interstratined  with  yellowish  and  coarse  grey  and  greenish  sandstone.  At  about 
1200  feet  above  the  last-mentioned  conglomerate  occur  certain  beds  of  purple  ferru- 
ginous sandstone,  having,  when  weathered,  a  pitted  appearance.  Immediately  above 
them  the  author  draws  the  very  arbitrary  boundary  of  the  yellow  sandstone,  which, 
on  the  southern  slopes  of  the  Galties,  may  be  about  1200  feet  thick.  There  are  jut 
traces  of  some  dark  green  gritty  shales  appearing  in  one  or  two  places,  which  are  pro- 
bably the  representatives  of  the  carboniferous  slate.  The  apparent  thickness  of  all  the 
Old  Red,  including  the  Yellow,  Sandstone  on  the  south  side  of  the  mountains  may 
be  in  different  places  from  4000  to  4500  feet,  while  on  the  north  side  it  is  only  2000 
feet  thick.  The  carboniferous  limestone  is  almost  quite  concealed  by  drift,  and  when 
seen  is  grey,  compact,  and  sometimes  slightly  crystalline,  containing  corals  and  other 
fossils,  but  the  Calp  division  does  not  appear.  Upon  it  lies  a  thin  outlier  of  the  coal- 
measures,  seen  at  the  south  end  of  the  section,  consisting  of  the  lower  black  carbona- 
ceous shales  and  thin  olive  grits,  in  which  a  shaft  was  sunk  with  the  hope  of  finding 
culm ;  but  the  limestone  was  reached  without  success,  and  the  search  was  then  aban- 
doned.   • 

On  the  Tertiary  Clay  and  Lignite  of  Ballymacadam,  near  Caker,  in  tke 
County  of  Tipperary,    By  A.  B.  Wynne. 

This  clay  is  found  under  and  about  the  ruins  of  the  old  castle  of  Ballymacadaa, 
of  which  little  more  than  the  foundations  now  remain.  The  mode  of  its  occorreasi 
is  very  strange,  for  when  standing  in  the  centre  of  the  small  hollow  which  it  occa- 
pies,  at  a  distance  of  about  100  yards,  on  almost  every  side  the  carboniferous  lime- 
stone may  be  seen  to  protrude  through  the  ordinary  drift  which  is  apread  over  the 
surrounding  country,  and  which  most  probably  once  covered  this  isolated  basin  of 
tertiary  clay,  occupying  an  area  of  at  the  most  about  an  acre  and  a  half.  Meat 
pits  have  been  sunk  within  this  limit,  of  which  three  or  four  are  visible,  now  filkl 
with  water ;  one  small  one  has  been  recently  opened  to  the  depth  of  four  or  five  feet, 
and  in  this,  in  situ,  was  found  a  lenticular  mass  of  lignite,  a  specimen  of  which  n  oa 
the  table.  The  clay  is  usually  white,  more  or  less  pure,  and  sometimes  of  a  dun  or 
Muish  tinge,  smooth  to  the  touch,  and  extremely  tenacious.    The  lignite  is  brows, 
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and  occurs  m  different  states  of  decomposition  and  alteration,  but  none  of  it  remains 
sufficiently  perfect  to  prove  what  kind  of  wood  it  was.  The  potter's  clay  is  not  in 
the  lowest  position  in  the  neighbourhood,  but  at  a  slight  elevation ;  and  close  to  it, 
indeed,  within  the  space  it  occupies,  occur  some  of  those  natural  drains  so  common 
to  the  mountain  limestone  of  Ireland,  expressively  called  by  the  peasantry  "  swallow 
in  holes ;"  these  carry  off  all  the  surplus  water  which  accumulates  in  the  pits,  one  in 
particular  having  been  used  to  drain  them  whenever  they  were  opened.  Having  sunk 
through  about  fifteen  feet  of  white  clay,  containing  small  fragments  of  plants  which 
unfit  it  for  the  manufacture  of  pipes,  a  bed  of  lignite  is  reached,  of  varying  thick* 
nets,  from  which  parts  of  trees  four  or  five  feet  in  length  could  be  raised  without 
difficulty.  Beneath  this  occurs  the  purest  and  best  clay,  which  is  white,  with  some- 
times a  pale  shade  of  blue,  is  soft,  and  has  a  soapy  feel.  Lower  than  it  no  person 
has  penetrated,  one  of  the  reasons  assigned  being  that  they  were  prevented  by  springs 
of  clear  water,  then  bursting  upwards  through  the  clay  and  filling  the  pits,  accom- 
panied by  so  offensive  an  odour  of  sulphuretted  hydrogen  as  could  scarcely  be  enduredt 
Even  now  the  place  is  not  quite  free  from  a  mitigated  form  of  this  unpleasant  cir- 
umstance,  which,  as  stated  by  Dr.  Griffith,  attends  the  occurrence  of  potter's  clay 
and  lignite  in  many  other  places  in  Ireland,  such  as  at  the  south-eastern  margin  of 
Lough  Neagh,  counties  of  Tyrone  and  Antrim ;  in  the  parish  of  Clonoe,  in  county 
Tyrone ;  and  near  Lough  Ree,  ra  Roscommon.  Of  the  lowest  found  clay,  which 
burns  white,  have  been  manufactured  very  good  tobacco  pipes,  and  many  articles  of 
finer  ware,  as  cups  and  saucers,  &c. ;  while  that  above  the  lignite  makes  beautiful 
buff  and  dun-coloured  tiles ;  the  most  inferior  of  it  has  been  used  for  bricks.  The 
lignite  has  been  often  used  as  fuel,  but  it  gives  forth  a  heavy  and  peculiar  smell  while 
burning,  and  is  associated  with  black  shales,  traces  of  which  were  seen  near  the 
mouth  of  one  of  the  pits.    No  shells  were  met  with  in  any  part  of  this  clay. 


Mr.  Jambs  Yatbs  exhibited  a  fossil  cone,  the  property  of  Mr.  T.  Wetherell,  F.G.S* 
probably  from  the  greensand  formation.  He  explained  the  appearances  which  prove 
that  it  belonged  to  the  proper  Conifers,  illustrating  his  statement  by  producing  spe^ 
cimens  of  recent  cones  belonging  to  the  Cycadee. 

The  President  exhibited  another  fossil  from  the  lower  Oolite,  in  the  south  of 
England,  which,  in  the  opinion  of  Mr.  Yates,  belonged  to  the  Cycades*.  This  was 
not  a  cone,  but  a  stem. 


BOTANY  AND  ZOOLOGY,  including  PHYSIOLOGY. 


Da.  Harvxt,  in  taking  the  chair,  referred  to  the  fact,  that  the  position  he  then 
occupied  had  been  assigned  to  the  late  Dr.  Ball.  He  then  proposed  that  the  meet- 
ing should  adopt  the  following  resolution : — "  Resolved,  that  we  hereby  express  our 
deep  regret  at  the  loss  we  have  sustained  by  the  recent  sudden  death  of  Dr.  Robert 
Ball,  an  early  and  constant  supporter  of  the  British  Association,  and  who  had  been 
named  President  of  the  Natural  History  Section  on  the  present  occasion  ;  and  that 
this  tribute  of  marked  respect  to  his  memory  is  due  not  merely  on  account  of  his 
great  merit  as  a  naturalist  and  promoter  of  science,  but  much  more  to  his  personal 
character  as  a  kindly,  high-minded,  and  honourable  man." 

Botany. 

On  the  finding  of  Cnicus  tuberosus  at  Avtbwry  Hills. 
By  Professor  J.  Buck  man,  F.L.S. 
The  author  records  the  discovery  of  the  above  thistle,  in  the  situation  above 
hamed,  and  in  the  vicinity  of  C.  acauUa  and  C.  acanthoide*.    He  regards  it  as  a  re- 
markable but  not  very  permanent  or  very  frequent  variety  of  C.  acamlu. 
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On  the  Lotus  or  Sacred  Bean  of  India.    By  Dr.  Buist. 
{Communicated by  Dr.  Morton  Shaw.) 

This  plant  belongs  to  the  natural  order  Nelumbiaceae,  and  is  allied  to  the  water 
Mies,  and  is  the  Nelumbium  speciosum  of  botanists.  Dr.  Buist  states  that  there  are 
three  species  of  this  genus  at  least.  The  only  variety  he  had  observed  in  India  was 
one  with  pale  rose-coloured  flowers,  which  when  full-blown,  bnt  not  open,  formed 
a  globe  of  from  6  to  7  inches  in  diameter.  The  leaf  is  from  14  to  16  inches  long,  the 
leaf  and  flowers  talk  a  together  from  6  to  8  feet  in  length.  The  leaf  and  flowerstaua 
abound  in  spiral  vessels,  which  Dr.  Wright  says  are  extracted  and  burnt  by  the  Hindu 
in  the  lamps  placed  before  the  shrines  of  their  gods.  Dr.  Buist,  however,  states  his 
conviction  that  the  spirals  of  all' the  lotuses  of  India,  from  the  Himalayas  to  the 
Line,  would  not  make  a  lamp- wick  a  yard  long  the  thickness  of  the  finger.  Hie 
Stalks  are  full  of  air,  the  leaves  buoyant  and  floating,  and  the  flowers  small,  like 
the  Tonquin  bean.  After  describing  the  external  appearance  and  uses  of  the  plant, 
the  author  proceeded  to  describe — 

1/  The  internal  structure  of  the  root,  flower,  and  leaf  stems. — TTie  stalks  are  filled 
with  air,  and  in  their  construction  care  is  taken  to  prevent  the  percolation  or  intro- 
duction of  water. 

2,  Repulsion  of  water  from  the  leaves. — This  depends  upon  the  surface  of  the 
leaves  being  covered  with  a  fine  fur  of  silvery  hair,  like  papillae,  which,  when  mag- 
nified, show  themselves  in  the  form  of  a  succession  of  beads,  diminishing  in  sire 
towards  the  apex.  It  is  this  structure  which  entangles  and  retains  the  air,  and  thus 
obtains  a  high  degree  of  buoyancy.  It  is  the  same  structure  which  enables  the  rose, 
clover,  and  young  cabbage- leaves,  young  shoots  of  grain  and  grass  to  exhibit  the 
pearly  forms  of  dew-drops,  and  to  repel  water  from  their  surface.  An  analogous 
structure  performs  the  same  function  in  the  wings  of  diving  birds. 

3.  Respiration  of  the  Lotus.— The  lotus  leaves  constantly  give  out  air  from  their 
surface,  which  Dr.  Buist  has  not  examined.  He  found  that  one  plant  gave  out  from 
a  cut  stem  thirty- three  cubic  inches  of  air  in  an  hour.  The  greatest  quantity  of  this 
air  was  given  off  two  hours  after  sunrise. 


On  some  Variations  of  British  Plants. 
By  John  Hogg,  Mji.,  F.R.S.>  FX.S^  $c. 

The  variations  of  British  plants,  of  which  the  author  exhibited  specimens,  belong 
to  three  species — two  being  distinct  varieties,  and  a  third  might  perhaps  be  more 
correctly  termed  a  monstrosity. 

The  first — if  Astragalus  hypoglottis — is  a  very  luxuriant  form  of  it.  Several  spe- 
cimens were  gathered  this  last  July  among  some  ballast,  on  the  side  of  a  railway,  in 
the  south-east  of  the  county  of  Durham.  The  differences  in  size  and  shape  of  the 
leaves,  and  in  the  number  of  the  pairs  of  leaflets,  as  well  as  the  generally  more 
strong  and  upright  character  of  the  stem,  made  Mr.  J.  Hogg  rather  suppose" that  it 
might  be  a  foreign  species  of  Astragalus,  which  had  been  introduced  with  ballast 
At  any  rate,  it  must  be  considered  as  a  plant  very  distinct  from  the  usual  form  of 
thepretty  little  A.  hypoglottis. 

The  second  plant  presents  an  extraordinary  transformation  of  the  flowering  spike 
or  head  of  Plantago  major. 

Each  single  flower  in  the  spike  assumed  a  close  pyramidal  bunch  of  flowers,  and 
the  entire  panicle  also  became  a  compact  pyramid.  This  variety  or  abnormal  form 
might  be  characterized  as  var.  pyramtdalis, — paniculis  pyramidalibus  densis.  Smith, 
in  his  '  English  Flora,'  mentions  a  var.  "Plantago rosea,"  but  with  which  this  trans- 
formed plant  does  not  seem  to  agree.  The  rest  of  the  plant  does  not  differ  from  the 
usual  form  of  P.  major.  It  was  discovered  in  a  meadow,  this  summer,  at  Norton, 
in  the  county  of  Durham.  And  the  third— the  Arbutus  Unedo—As  a  plant  of  much 
interest  to  the  English  botanist,  for  it  grows  naturally  in  the  south-west  of  Ireland. 

Mr.  Hogg,  having  just  visited  the  Lakes  of  Killarney,  showed  two  specimens 
which  he. brought  from  thence,  and  which  vary  very  greatly  in  their  leaves;  one 
having  narrow  leaves,  a  var.  which  he  termed  angustyfolia  ;  and  another  with  brood 
leaves,  having  some  of  them  rounded  at  their  tips,  he  designated  as  var.  latifolu* 
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This  second  variety,  which  appeared  to  grow  to  a  larger-sized  and  more  robust  tree, 
he  discovered  on  the  margin  of  the  Tore  Lake,  or  as  it  is  also  called,  the  Middle 
Lake,  whilst  the  narrow-leaved  form  he  gathered  on  the  side  of  the  Lower  Lake:  both 
shores  in  those  spots  are  of  the  same  formation,  viz.  a  compact  limestone.  Doctors 
Mackay  and  Steele  make  no  mention  of  these  variations  of  the  leaves  of  the  straw- 
berry tree  in  their  respective  floras  of  Ireland. 

.     Contributions  to  Vegetable  Teratology.    By  T.  Maxwell  Masters. 

On  the  forms  of  Diatomacea  found  in  Chalk.     By  the  Rev.  £.  O'Meara. 

The  four  specimens  of  chalk  on  which  my  experiments  were  made  were  taken 
from  the  cliffs  in  the  County  of  Antrim  ;  and  having  been  well  washed  for  the  pur- 
pose of  removing  such  forms  as  might  be  attached  to  the  surface,  were  dissolved  in 
hydrochloric  acid,  and  when  thus  disintegrated  were  boiled  in  dilute  sulphuric  acid. 
In  all  the  preparations  diatomaceous  forms  were  found,  a  few  of  which  I  was  un- 
able to  identify  with  any  of  those  figured  by  Mr.  Smith  in  his  '  Monograph  of  the 
British  Diatomacese ;'  but  all  the  rest,  forty -two  in  number,  were  identical  with  those 
described  by  him  as  existing  species. 

They  may  be  distributed  into  the  three  following  classes  : — 

Species  inhabiting  fresh  or  brackish  water 4 

Marine  species    •     / 7 

Freshwater  species 31 

Total  42 
It  may  be  necessary  to  add,  that  the  specimens  selected  were  perfectly  clean  and 
free  from  any  coating  of  vegetable  matter,  and  that  the  one  which  yielded  the  greatest 
number  of  forms  and  of  species  had  been  repeatedly  washed  with  hydrochloric  acid, 
and  the  disintegrated  portion  removed  previous  to  treating  the  remainder,  which  was 
subjected  to  examination.  __ __ 

Observations  on  the  Plants  which,  by  their  Growth  and  Decomposition,  form 
the  principal  part  of  the  Irish  Turf-Bogs.    By  D.  Moore. 

It  was  observed  that,  although  much  has  been  written  on  this  subject,  and  many 
able  reports  made  on  it,  strange  to  say,  no  one  had  yet  given  any  intelligible  account 
of  the  species  of  plants  which  enter  principally  into  the  formation  of  the  turf-bogs  of 
Ireland,  although  so  large  a  portion  of  the  surface  of  the  country  is  covered  with  them, 
and  bog  labour  constitutes  no  inconsiderable  item  of  productive  economy  in  Ireland. 

The  varieties  of  bog  were  divided  into  red  bog,  brown  bog,  black  or  turbary  bog, 
and  mountain  bog,  which,  although  not  very  scientific,  these  being  the  names  they 
are  best  known  by,  are  retained.  The  differences  of  colour  and  consistences  of  matter, 
of  which  each  variety  is  composed,  were  considered  to  depend  chiefly  on  the  localities 
where  the  substances  are  produced,  according  as  they  vary  in  different  degrees  of 
moisture,  temperature,  and  altitude,  whereby  the  growth  and  decomposition  of  vege- 
tables are  affected.  Iron,  and  some  other  mineral  substances  which  are  generally 
found  in  peat-bogs,  had  no  doubt  something  to  do  with  the  colouring,  but  the  former 
combination  of  causes  produced  the  effect  principally. 

By  far  the  greatest  portion  of  the  bogs  in  Ireland  consists  of  the  kind  called  red 
bog,  which  varies  in  depth  from  10  to  40  feet,  or  even  more.  This  variety  is  the 
least  valuable  for  fuel,  owing  to  its  soft  fibrous,  consistency.  It  is  supposed  to  have 
been  formed  on  the  sites  of  extensive  ancient  lakes,  or  very  wet  morasses,  which  may 
be  inferred  from  the  small  quantity  of  wood  found  mixed  up  with  it ;  besides  the 
roots  and  trunks  of  trees  being  mostly  found  near  the  edges  of  the  bog,  the  por- 
tions towards  the  centre  being  composed  of  nearly  a  uniform  mass  of  the  debris  of 
the  list  of  plants  mentioned.  Narthecium  osstfragum,  Eleocharis  caspitosa,  Carex 
stelltdata,  Schosnus  nigricans,  Erica  tetralix,  and  Myrica  gale,  might  be  considered 
the  phanerogamic  plants  which  form  the  framework  to  bear  up  the  mass  of  Sphag~ 
nums  and  other  crvptogamic  species  which  fill  up  the  interstices  on  the  higher  and 
drier  spots,  whilst  Menyanthes  trtfoliata,  Comantm  palustre,  and  Eriophorumanguati- 
foUttm,  mix  their  decumbent  and  running  stems  over  the  surface  of  water,  which 
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soon  become  sufficiently  matted  together  so  as  to  be  capable  of  bearing  up  the  * 
plants  enumerated  as  forming  this  variety  of  bog.  It  was  farther  stated,  that  although 
Sphagnums  constitute  a  large  portion  of  this  substance,  without  the  aid  of  phanero- 
gamic plants  the  formation  of  bog  could  not  go  on  at  nearly  so  quick  a  ratio  as  it  does. 

In  the  absence  of  all  trustworthy  experiments  on  the  growth  of  bog,  die  rate  of 
increase  could  not  be  well  ascertained,  but  holes  out  of  which  turf  had  been  cut  had 
been  observed  filled  up  with  soft  vegetable  matter,  to  the  depth  of  1  foot  in  five  years, 
which,  if  supposed  to  be  ultimately  compressed  into  one-fourth  part  of  that  bulk, 
after  being  solidified,  as  near  an  approach  as  can  be  made  to  the  rate  of  increase  of 
bog  at  the  present  day  might  probably  be  reckoned  on*  In  limestone  districts,  where 
the  larger  species  of  Chora  abound,  whose  stems  and  branches  are  alwajs  thickly 
encrusted  with  calcareous  substances,  the  deposition  of  matter  takes  place  faster  than 
it  does  where  those  plants  are  not  so  common.  The  debris  resulting  from  Chan 
hispida  alone,  where  it  grows  freely,  will  soon  fill  up  a  shallow  pool,  so  that  plants 
higher  in  the  scale  of  vegetation  can  grow  on  it.  According  to  the  Report  of  the 
Commissioners  appointed  to  report  on  the  nature  and  extent  of  the  Irish  bogs,  up- 
wards of  a  million  of  English  acres  are  covered  with  red  and  brown  bog.  more  this 
two-third  parts  of  which  are  westward  of  the  river  Shannon. 

The  variety  called  black  or  turbary  bog  was  next  considered  in  detail,  which  is 
the  most  valuable  for  fuel,  owing  to  the  great  quantity  of  woody  matter  it  contains. 
This  variety  is  supposed  to  have  been  formed  on  the  sites  of  ancient  forests,  which 
either  spread  continuously  over  large  portions  of  the  country,  or  skirted  the  margins 
of  morasses,  as  is  evident  from  the  large  quantities  of  prostrate  trunks  of  trees  and 
their  roots,  frequently  t*  situ,  which  are  found  in  it.  Hie  kinds  consist  chiefly  of 
Praia  nlvestris,  Querent  robur,  Betula  alba,  and  Ainu*  glutinosa,  though  large  quan- 
tities of  yew,  Toxic*  baccata,  and  some  mountain  ash,  are  also  found  in  particular 
districts.  The  roots  of  the  oaks  are  generally  nearest  the  margins  of  the  bogs,  resting 
on  the  clay  or  marl  bottoms ;  whilst  the  Scotch  $rs  occur  further  towards  the  centre, 
and  rest  on  several  feet  of  peat,  thus  showing  that  a  considerable  accumulation  of 
that  substance  must  have  taken  place  before  they  vegetated  on  it.  These  roots  are 
frequently  found  one  above  the  other,  where  they  have  grown,  which  has  led  some 
to  suppose  there  have  been  several  consecutive  and  distinct  epochs  of  growth,  and 
that  some  species  of  the  trees  which  formed  them  are  not  now  natives  of  Ireland. 
This  hypothesis  was  not  considered  correct,  but  rather,  that  by  the  gradual  growth 
of  the  bog,  matter  accumulated  and  covered  the  first  tier  of  roots,  and  die  seeds  of 
contiguous  trees,  on  falling  and  vegetating  above  them,  grew  and  formed  in  their  turn 
another  tier,  and  so  on  up  to  the  present  surface,  as  a  few  of  the  trees  of  those 
ancient  forests  which  once  covered  so  large  a  portion  of  Ireland  still  exist  on  the  Earl 
of  Arran's  property  in  the  County  Mayo  at  the  present  time. 

After  the  plants  which  form  this  variety  of  bog  were  enumerated,  the  kind  called 
mountain  bog  was  next  considered,  which  sometimes  accumulates  to  a  great  depth 
on  the  tops  of  mountains,  at  elevations  varying  from  1000  to  2000  feet.  The  Sphag- 
nums do  not  enter  so  largely  into  the  composition  of  this  kind,  but  their  place  » 
supplied  by  the  grey  moss,  Racomitrium  lanuginosvm.  The  conclusions  Mr.  Moore 
has  come  to  on  this  subject  are  the  following ;  namely,  that  so  far  as  proofs  exist,  the 
same  plants  which  are  now  forming  the  bogs  of  Ireland  have  done  so  from  the  bottom 
upwards,  though  probably  at  different  ratios,  as  drainage  has  increased,  and  that  all 
the  species  are  still  in  existence  in  Ireland  which  have  ever  formed  any  part  of  them. 
These  formations  he  considers  to  be  of  a  more  recent  date  than  the  glacial  epochs  of 
geologists,  with  probably  the  exception  of  that  at  Lough  Neagh,  which  may  have  been 
anterior  to  that  period ;  but  he  thought  it  would  be  very  hazardous  to  state  the  species 
which  formed  the  fossilized  wood  found  there. 


On  the  Importance  of  a  thorough  understanding  of  the  Soot  Principle  in  the 
Cultivation  of  Trees.  By  N.  Niven,  Landscape  Gardener  and  Garden 
Architect,  <Jrc. 

Success  in  connexion  with  die  cultivation  of  trees,  but  eapeciaJlySr^-eeartaf  trees, 
is  unquestionably  of  the  utmost  importance  as  far  as  matter-of'facfc  result  goes  in 
the  production  of  fruit,  and  therefore  the  desirableness  of  a  thorough  t 
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of  the  principle  in  trees  that  chiefly  conduces  to  the  development  of  the  eame — 
namely,  that  of  the  root.  When  I  thus  distinctively  allude  to  the  "  Root  Principle/' 
I  hold  that  in  all  cases  of  the  vegetable  structure  there  are  invariably  two  distinct 
and  separate  processes  going  forward  in  the  development  of  each  separate  tree  or 
plank — the  one  from  the  root  upwards,  which  I,  on  a  former  occasion  before  the 
British  Association,  some  years  ago,  in  Liverpool,  denominated,  in  contrast  with  the 
above,  "  the  I<eaf  Principle," — these  being  as  it  were  the  two  extreme  ends  or 
turning-points  in  the  circle  of  assimilation,  and  continually  more  or  less  in  action, 
according  to  the  stimuli  arising  from  light,  air,  heat,  and  moisture,— the  leaf  being 
so  far  analogous  to  the  lung  in  animals,  and  the  spongiole  or  root  to  that  of  the 
heart, — the  one,  from  the  combined  action  of  atmosphere,  light  and  heat,  conducing 
to  the  deposition  of  woody  fibre,  or  the  annual  layer  of  wood  in  the  tree,  and  the 
ramification  of  that  wood  into  numerous  roots  and  rootlets ;  the  other,  from  the 
action  of  soil  and  its  various  constituents,  to  the  development  of  buds,  leaves,  flowers, 
and  fruit, — this  beautiful  and  simple  process  of  circulation  passing  separately  up  and 
down  without  intermixture,  but  evidently,  I  conceive,  by  distinct  sets  of  vessels, 
through  the  alburnous  layer  between  the  bark  and  the  wood,  externally  in  Dicotyle- 
dons, and  internally  as  it  relates  to  Monocotyledons.  Nor  do  I  consider  that  we  can 
ever  actually  change  the  course  of  these  principles  so  as  to  invert  their  results.  Cut 
the  tree  by  a  mortise  section,  as  shown  by  the  figure  in  Lindley's  '  Theory  of  Horti- 
culture/ p.  36,  or  rather  look  at  the  figure  on  p.  35,  and  you  will  see  an  exact 
representation  of  the  embryo  development  of  the  leaf  and  root  principles  alluded  to, 
as  they  became  developed  in  the  course  of  my  experiments  quoted.  In  short,  the 
leaf  cannot  long  exist  without  the  root,  nor  the  root  without  the  leaf ;— the  one  and 
the  other  are  evidently  equally  essential  to  vegetable  life.  I  stop  not,  however,  to 
dwell  upon  the  multitudinous  variations  and  modifications  of  the  two  principles  in 
question  to  be  met  with  amongst  the  various  genera  and  species  of  plants  (as,  for 
instance,  the  Cacti  and  other  succulents),  as  what  I  above  describe  may  be  sufficient 
far  my  present  purpose.  To  the  point,  then.  In  the  management  of  fruit-bearing 
trees,  whilst  much  doubtless  will  depend  upon  the  nature  and  quality  of  soil,  situa- 
tion, aspect,  &c,  as  it  regards  the  growing  process,  much  more  as  to  fruit  bearing 
will  depend  upon  the  manipulation,  position,  form  and  nature  of  the  roots.  I  doubt 
not  the  growing  specimens  presented  will  readily  illustrate  this, — the  roots  being  com- 
pletely washed  clear  of  the  soil,  so  as  to  facilitate  examination.  In  these  two  fruit* 
bearing  dwarf  trees  with  the  numerous  roots,  I  present  specimens  planted  only  six 
months  since ;  in  the  other  two  specimens  you  have  the  same  varieties ;  but  on  another 
form  of  roots,  barren,  and  likely  so  to  be  for  three  or  four  years  to  come.  It  may 
now  be  said,  how  is  all  this?  I  will  shortly  endeavour  to  tell  you.  In  the  fruit- 
bearing  Pear,  the  stock  worked  upon  is  the  Quince,  a  close  congener  of  the  genus 
Pyrus,  namely,  Cydania  vulgaris,  remarkable  for  the  minute  subdivision  and  conse- 
quent number  of  its  rootlets,  forming,  as  may  be  observed,  a  perfect  wig.  The  other, 
but  barren  tree,  is  of  the  same  kind  and  date  of  grafting,  but  worked  upon  the 
common  Pear  stock— or  Pear  grown  from  the  seed  pip — in  other  words,  the  Crab 
Pear,  the  roots  of  which  are  few,  deep,  and  straggling.  In  the  case  of  the  fruit- 
bearing  apple,  the  stock  worked  upon  is  what  is  called  the  Paradise;  that  is,  the  cut* 
ting  from  a  certain  kind  of  grafted  apple  that  is  highly  productive  of  roots  and  root- 
lets, as  in  the  case  of  the  Quince  above  noticed.  The  other,  but  barren  Apple,  is  also 
of  the  same  kind  and  date  as  that  just  mentioned,  but  worked  on  the  common  or  Crab 
stock,  raised  in  like  manner  from  the  seed  or  pip,  and,  with  the  barren  Pear,  nearly 
equally  deficient  in  fibres.  The  cause  of  this  remarkable  contrast  of  precocity  on  the 
one  hand,  apd  barrenness  on  the  other,  arises  chiefly  from  the  forms  and  positions  of 
their  roots.  In  those  with  fruit,  the  numerous  spongioles  or  feeders  of  these  twiggy 
rootlets  at  once  answer  the  question  as  to  precocity,  as  tending,  from  the  immediate 
action  of  air,  heat  and  moisture,  to  the  rapid  maturation  of  the  ripening  process  and 
consequent  development  of  flower-buds.  On  the  other  hand,  as  it  regards  the  barren 
specimens  presented,  you  at  once  see  how  different  are  the  forms  and  distribution  of 
the  roots :  in  these  they  are  more  in  the  form  of  tap-roots  running  deep  into  the  soil 
and  subsoil,  and  away  from  the  more  direct  influence  of  solar  heat  and  air,  thus 
lessening  greatly  the  ripening  process  in  the  wood  so  conducive  to  flower-bud  forma- 
tion, qn4  thereby  otherwise  going  to  the  production  of  strong  long-jointed  water- 
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shoots.  In  many  cases  of  deep  cold  soils,  such  trees  might  not  bear  for  severalyean 
after  planting. 

To  meet  any  ordinary  contingency  of  drought,  when  the  roots  are  thus  kept  imst 
the  surface,  as  in  the  case  of  the  fruit-bearing  specimens  before  you,  it  is  necessary 
to  counteract  this  by  a  simple  application  of  surface  mulching.  This  is  one  of  the 
most  essential  items  of  treatment  in  the  cultivation  of  almost  all  fruit  trees,  bat 
especially  exotic  species — as  the  peach,  nectarine,  &c.  Next  in  importance  is  the 
matter  of  periodical  root-pruning  as  it  is  called.  The  most  easy  and  effectual  way 
in  which  I  accomplish  this  is,  say  every  second  or  third  year,  to  lift  the  treefiatriy  at 
out  of  the  ground  and  either  put  it  back  again  in  its  old  place,  or,  what  is  better 
change  the  position  somewhat.  This,  with  a  little  fresh  food,  will  do  the  work 
effectually ;  and  the  result — lots  of  fine  plump  fruit.  In  short,  the  more  audi  wig- 
rooted  trees  are  thus  handled  and  moved  about,  the  more  will  their  fruit-beariag 
tendencies  increase. 

I  have  thus  endeavoured  shortly  to  set  forth  the  importance  of  a  thorough  under- 
standing of  the  action  of  the  root  principle  in  fruit-bearing  trees ;  and  I  may  con- 
clude by  adding  that  the  same  process  applies  equally  to  wall  as  to  standard  trees. 


On  the  Remarkable  Result  of  an  Experiment  upon  a  Fruit-bearing  Tree. 
By  N.  Niven,  Landscape  Gardener  and  Garden  Architect,  Sp. 

In  the  book  of  the  Revelation  of  St.  John,  it  will  be  remembered  that  in  the  con- 
cluding chapter  of  that  sublime  portion  of  the  sacred  volume,  a  very  wonderful  tree 
is  there  described,  prophetically,  as  bearing  "  twelve  manner  of  fruits,  and  yielding 
her  fruit  every  month."  Struck  with  this  description,  the  author  was  led  to  consider 
what  possible  approximation  could  be  made  towards  such  a  result,  with  the  means 
placed,  under  the  present  order  of  things,  at  his  disposal.  From  amongst  our  hardy 
fruit-bearing  trees  he  made  choice  of  the  Pear,  fixing  upon  a  highly  vigorous  and 
healthy  young  specimen  then  in  the  course  of  ordinary  training,  that  had  been  pre- 
viously worked  or  grafted,  and  which  had  arrived  at  fruit-bearing.  This  tree  occu- 
pies a  portion  of  the  walls  of  his  residence,  having  been  planted  on  an  angle  of  the 
building,  occupying  thereon  two  aspects,  the  one  east,  the  other  south  or  nearly 
so,  the  leading  stem  or  trunk  being  on  the  angle,  the  side  branches  being  horizontal 
thus  as  it  were  at  this  point  clasping  the  two  walls  of  the  house.  The  object  aimed 
at,  it  will  now  he  seen,  was,  if  possible,  to  endeavour  to  construct  a  tree  that  would 
yield  a  succession  of  fruits  for  each  month  of  the  year  complete.  In  the  specimen 
fixed  upon  there  were  twenty  horizontal  branches  on  each  side,  thus  presenting  facility 
for  the  insertion  by  grafting  of  forty  varieties  or  kinds  of  Pears.  Accordingly  the  fol- 
lowing selection  and  classification  of  sorts  were  made,  put  on,  and  labelled,  viz. :— 


Months. 

Names. 

Months. 

Names. 

For  July 

Citron  des  Cannes. 

For  December ... 

Beurre  Bosc. 

Doyenne  d'Ete\ 
Jargonelle. 

Glout  Moroeau. 

For  August 

tt         it        ••• 
if         tt        ••• 

Hacon'e  Incomparable. 

„        „     ....... 

Belle  d'Aousti. 

tt         tt        ••• 

Winter  Nelis. 

„        „     ....... 

Beurre  Giffart. 

it         it        ••• 

Triomphe  de  Joidoigne. 

For  September. . 

Beurre  d'Amanlis. 

For  January 

Beurre  Langelier. 

»»           ft    •••• 

Dunmore. 

it         tt        ••• 

Broome  Park. 

»»           »*     •••• 

Franc  Real. 

tt         tt        ••• 

Winter  Crassum. 

$»            »»     •••• 

Colmar  d'Ete\ 

tt         tt        • •  • 

Knight's  Monarch. 

For  October 

Autumn  Bergamot. 

tt         it        ••• 

Soldat  d'Esperen. 

„        „     ....... 

Beurre  Spence. 

For  February.... 

Easter  Beurre. 

„        „     ....... 

Flemish  Beauty. 

tt         ti        ••• 

Winter  Beurre. 

»»        »»     

Louis  Bonne  of  Jersey. 

it         a        ••• 

Josephine  de  Malines. 

„        „     ....... 

Onondago. 

For  March 

Cras8une  dTiiver. 

»r             ft        

Seckel. 

it        ti      •••••• 

Ne  plus  Meuris. 

For  November... 

Bergamot  d'Esperen. 
Beurre  Dtel. 

For  April 

Beurre  Ranee. 

»»         it 

tt        n      •••••• 

Late  Bergamot. 

... 

Colmar  d'Aremberg. 
Duchess  d'Angouieme. 

For  May 

Beurre  Ranee. 

i»         ft        ••• 

tt     tt    ••••••••• 

Beurre  Brittoneur. 

tt         tt        ••• 

Napoleon. 

For  June 

Suzzette  de  Bavey. 

»t         »t        ••• 

Thompson's. 

„      „    •»•••••.. 

Beurre  Brettoneaw. 

TRANSACTIONS  OF  THE  SECTIONS.  101 

la  the  spring  of  1855,  the  scions  of  these  various  varieties  were  inserted  one  upon 
each  branch,  all  of  which  had  been  cut  back  to  within  six  inches  of  the  main  stem. 
Thus  the  important  process  of  what  is  called  double  grafting,  or  grafting  upon  a  graft, 
was  effected, — a  process  greatly  tending  to  extra  fruitfulness  in  the  tree.  Almost  each 
graft  of  the  above  succeeded ;  and  the  growth  of  the  whole  came  off  simultaneously, 
and  with  nearly  equal  luxuriance,  the  same  healthful  progress  resulting  in  1856,  but 
with  the  interesting  addition  of  numerous  sets  of  flower- buds  on  many  of  the 
grafts.  In  the  spring  of  the  present  year  the  blossoms  set  freely,  and  now  there 
are  upwards  of  one  hundred  fine  specimens  of  'fruit  upon  so  many  of  the  sorts,  that 
they  will,  in  the  order  of  their  ripening,  nearly,  if  not  fully,  realize  the  result  hoped 
lor. 

Thus,  in  July,  we  had  Citron  des  Cannes ;  in  August,  Belle  d'Aousti ;  in  Septem- 
ber, we  shall  have  Beurre  d'Amanlis ;  in  October,  Flemish  Beauty ;  in  November, 
Napoleon ;  in  December,  Glout  Morceau ;  in  January,  Beurre  Langelier ;  in  Febru- 
ary, Winter  Beurre ;  in  March,  Easter  Beurre ;  in  April,  Late  Bergamot ;  in  May, 
Beurre  Ranee ;  in  June,  Suzzette  de  Bavey. 

These,  therefore,  may  fairly  be  looked  upon  as  the  types  of  the  monthly  classes 
as  they  will  come  to  maturity  for  the  table ;  and  thus  by  having  so  many  duplicates, 
as  to  their  times  of  coming  into  season,  under  ordinary  circumstances,  we  may  rea- 
sonably expect  that  the  circle  of  monthly  supply  from  the  one  tree  will  be  completed 
year  by  year.  The  value  and  importance  of  the  above  curious  result,  particularly 
where  wall  accommodation  is  limited,  will  at  once  appear;  but  besides  this,  the 
opportunity  that  will  be  presented  for  comparison  between  one  variety  and  the  other, 
and  the  ready  ascertainment  of  their  respective  qualities  and  characters,  must  greatly 
tend  to  the  enjoyment  and  pleasure,  as  well  as  profit,  of  the  interested  cultivator. 


Remarks  on  the  Siliceous  Cells  formed  in  the  Frustules  of Diatomacea. 

By  J.  Ralfs. 

Mr.  Jam  as  Yatbs  exhibited  a  specimen  of  a  cone  from  the  greensand,  resembling 
externally  certain  forms  of  Cycads,  but  which  from  the  position  of  the  seeds,  he 
thought  must  be  referred  to  the  Cooifene.  He  also  exhibited  a  specimen  of  the 
stem  of  a  fossil  Cycad,  which  bore  a  close  resemblance  to  the  recent  Cycadacess. 


Zoology. 
On  the  Sea  Fisheries  of  Ireland,  with  reference  to  their  investigation  practi- 
cally and  scientifically.    By  William  Andrews. 

This  paper  was  chiefly  directed  to  pointing  out  the  want  of  knowledge  that  had 
hitherto  existed  in  carrying  out  all  projects  connected  with  the  fisheries  of  the  coasts 
of  Ireland ;  hence  the  repeated  failures  of  Companies  formed  for  those  objects. 

Habits  and  seasons  of  the  fish  frequenting  the  coasts,  periods  of  spawning,  and 
characteristics  of  spawn  and  spawning  grounds,  peculiarity  of  the  soundings  and 
marine  animals,  were  branches  of  knowledge  of  essential  importance,  and  these  were 
treated  of  scientifically  and  practically  in  the  paper.  In  the  many  investigations 
that  had  been  held  with  regard  to  the  regulations  of  trawling,  much  ignorance  had 
been  shown  by  fishermen  (who  had  opposed  the  working  of  the  trawl  boats)  in 
their  knowledge  of  the  nature  of  the  spawn  of  the  several  kinds  of  fish  which  were 
trawled  for,  and  this  was  proved  in  an  inquiry  made  at  Galway  in  1852,  where  Mr. 
Andrews  had  shown  that  masses  of  a  substance,  which  the  fishermen  had  averred  to 
be  the  spawn  of  fish,  was  nothing  more  than  a  species  of  sponge,  the  Cliona  Celata 
of  Johnston,  and  which  frequently  occurred  in  clear  ground  in  Galway  Bay  in  fifteen 
to  twenty  fathoms.  

On  a  List  of  additions  to  Irish  Lepidoptera.    By  E.  Birchall. 
In  the  list  of  Lepidoptera  drawn  up  by  the  Rev.  J.  Green,  there  are  415  species 
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recorded  as  Irish,  whilst  803  are  found  ia  Great  Britain.  I  bam  paid  seme  atten- 
tion to  this  order  of  insects  daring  the  present  summer,  and  have  much  pleasure  in 
exhibiting  specimens  of  twenty -five  species  captured  in  Ireland,  and  not  inclnded  a 
Mr.  Green's  list.  They  may  i>e  thus  summed  up : — two  Papitionidae ;  oae  Sphinx; 
five  Bombyces  j  seven  Nocture ;  five  Pyrales ;  five  Geometns.  There  can  be  so 
doubt  that  the  great  discrepancy  which  still  exists  between  the  British  and  Irish  ttsa 
of  Lepidoptera  would  be  much  further  reduced,  even  if  a  few  districts  of  Ireland  woe 
fully  worked  by  resident  collectors  :  to  collect  successfully,  local  knowledge  isesca- 
tial,  and  the  hurried  visit  of  a  stranger  to  any  district  generally  results  in  disappoint- 
ment.  The  West  of  Ireland,  in  particular,  where  many  districts  remain  to  tie  pre- 
sent time  in  much  the  same  state  as  they  have  been  for  centuries,  presents  s  wide 
field  for  research,  and  affords  strongholds  to  species  of  great  interest  to  the  aatanlist, 
probably  to  some  altogether  new.  I  may  mention  that  ten  of  the  species  now  or- 
bited were  captured  in  the  county  of  Galway.  The  recent  discovery  of  JsUkrsem 
Minos  in  the  locality  referred  to  is  an  earnest  of  what  we  may  expect  when  the  West 
of  Ireland  is  thoroughly  explored :  this  conspicuous  insect  occurs  in  great  profaaks, 
vet  shows  no  disposition  to  wander  beyond  an  extremely  restricted  locality,  where 
it  has  doubtless  flourished  for  ages.  The  following  is  a  list  of  the  new  specks:— 
Polgommatus  jEgon — not  uncommon  near  Galway  in  July.  Ertbim  Cemtf*  • 
several  specimens  captured  in  July  at  considerable  elevations  on  the  sides  of  the  nils 
between  Clifden  and  West  port.  Trochilium  tipultforme — gardens,  Dublin.  Sdm 
Irrorclla — plentiful  near  Galway.  Liparis  auriflua — Howth.  Fmmen  aitiaUJ*- 
Howth,  July  1.  Clostera  curtula — TuUamore.  Endromti  versicolor— Pow*isa*Bl 
Acronycta  aceris — Malahide.  Zylophasia  sublustris—ht  Sugar,  near  Galway,  is  pro- 
fusion. Miana  expoUta— near  Galway,  in  plenty.  The  only  previously  recorded 
locality  was  Darlington,  where  the  insect  was  discovered  in  1855.  Agrolis  sgstfM 
—Sugar,  Killarney.  Teniocampa  gracilis — Sallows,  Killarney.  Dasgesma*  rsfc- 
ginea — Ivy,  Dublin.  ApUcta  nebulosa — Sugar,  Galway.  Asopi'a  flommalis—tjd**!- 
Botys  fuscalis — Galway.  Botys  pundalia — Galway.  Hypena  crewtato— Carrifck- 
upon-Suir  (Dr.  Carte).  Nola  cucullali* — Powerscourt.  AspUates  Ctrrorto— Fbwers- 
court.  Emmelesia  ericetaria — Bray.  Cabcra  strigiUaria— Powerscourt.  Maemit 
Utttraria — Powerscourt.    Eupithecia  esjpuUdaria — Powerscourt. 


Note  on  Peculiarities  of  Growth  in  Ccecida.    By  Philip  P,  Carpenter. 

The  Csecidse  are  a  group  of  rostriferous  Gasteropoda,  with  shells  shaped  likeDer 
talium,  and  closed  by  a  plug  at  the  posterior  end.  There  are  many  successive  stags 
of  growth,  varying  in  shape  and  structure,  but  constant  in  the  form  of  plug,  which 
is  of  complex  structure,  displaying  lines  of  growth  from  a  central  or  lateral  useless, 
and  affords  one  of  the  best  guides  for  the  discrimination  of  species.  As  s  mono- 
graph of  the  family  was  In  preparation,  the  author  sought  opportunities  of  exa- 
mining specimens  from  those  who  were  interested  in  microscopical  inquiries.  The? 
were  abundant  in  the  sponge  of  commerce,  and  lived  in  the  worm-eaten  passage)  a* 
decaying  shells. 

On  the  Embryo  State  of  Falinurus  vulgaris.    By  R.  Q.  Couch,  Penma, 

At  the  time  of  the  publication  of  Professor  Bell's  admirable  work  on  British 
Crustacea,  by  some  inadvertence  the  particulars  respecting  the  embryo  condition  of 
Palinurus  vulgaris  were  overlooked,  and  up  to  the  present  time  have  not  been  psb- 
lished.  As  several  years  have  now  passed,  and  the  subject  has  not  hitherto  attracts* 
the  attention  of  any  other  observer,  I  beg  to  lay  the  following  observations  befoie 
the  meeting.  The  metamorphoses  of  the  decapod  crustaceans  may  now  be  consider*! 
as  established  by  observation  made  in  every  part  of  the  world.  The  first  annoasc* 
ment  of  the  discovery  came  from  Ireland,  from  experiments  made  near  Cork  by  the 
late  Mr.  J.  V.  Thompson.  The  form  under  which  the  young  decapods  first  appeared 
was  announced  as  belonging  to  the  genus  Zoea,  and  all  subsequently  published 
observations  have  confirmed  this.  But  in  the  species  to  which  I  now  refer  there  is 
an  important  exception.  Lest  there  should  be  any  error  on  the  matter,  I  hi* 
during  the  past  summer  again  investigated  the  point,  and  have  bred  many  thousand* 
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in  confinement,  and  have  under  the  microscope  seen  them  escaping  ex  ©to  i  bo  that 
there  can,  in  my  own  mind,  be  but  little  doubt  on  the  matter.  The  young  of  Pali- 
marui  vulgaris  differs  from  every  other  species  with  which  I  am  acquainted.  On 
escaping  e*  oro  the  different  parts  are  very  obscure,  from  being  so  closely  (bided 
together  $  but  in  a  few  minutes  they  are  sufficiently  spread  out  to  become  recog- 
nizable by  a  moderate  magnifying  power.  The  carapace  is  globularly  oval,  slightly 
pointed  or  produced  both  at  the  anterior  and  posterior  margin,  and  is  slightly  con- 
tracted anteriorly  so  as  to  give  the  appearance  of  a  rostrum.  The  abdomen  is 
moderately  long,  and  from  four  of  the  six  simulations  of  which  it  is  formed  arise 
eight  pairs  of  tendril-like  appendages.  The  lateral  margin  of  each  ring  is  expanded 
into  a  thin  projecting  process,  from  which  the  articulated  appendages  arise.  These 
tendrils  are  long,  slender,  and  dichotomous.  Their  double  character  commences  at 
the  third  joint,  and  afterwards  they  are  nearly  of  equal  length,  and  both  are  covered  * 
with  strongly  marked  spines,  termination  pointed.  The  caudal  extremity  is  simple, 
contracted,  pointed,  and  somewhat  oval.  On  the  centre  of  the  rostrum  is  a  dark 
spot.  The  eyes  are  on  enormously  long  and  stoutly  club-shaped  pecluncles,  which 
are  attached  by  very  narrow  and  slender  points.  The  pedunculated  eyes  are  about 
two-thirds  as  long  as  the  carapace.  This  concise  description,  with  the  figures 
accompanying  it,  will  sufficiently  explain  the  great  differences  between  this  and  the 
young  of  all  the  other  species  hitherto  described.  So  general  is  the  Zoe  form,  that 
it  has  even  passed  into  an  expression  with  investigators  of  this  branch  of  Natural 
History,  and  "  the  Zoe  condition"  has  been  considered  equivalent  to  "  the  Embryo 
state  "  in  speaking  of  these  creatures.  The  contrast  between  the  present  species 
and  that  of  others  is  very  great.  In  them  the  eyes  are  sessile,  in  this  enormously 
pedunculated ;  in  them  tne  feet  are  beneath  the  carapace,  in  this  they  are  attached 
to  what,  for  clearness,  1  have  called  the  abdominal  rings.  Instead,  therefore,  of 
belonging  to  the  genus  Zoe,  I  would  place  it  in  PkgUoeoma  of  Milne-Edwards, 
belonging  to  the  Stomapodes. 

On  British  Naked-eyed  Medusa,  with  notices  of  seven  undescribed  forms. 
By  Joseph  R.  Greene. 

The  author  commenced  by  alloding  to  the  progress  which  had  been  made  in  the 
study  of  the  Naked-eyed  Medusae  since  the  publication  of  Professor  E.  Forbes's  mono* 
graph ;  the  researches  of  Agassiz,  Leuckhardt,  and  Gegenbaur  being  more  especially 
dwelt  on.  He  next  gave  a  list  of  the  Acalepnse  which  he  had  hitherto  observed  on 
the  Dublin  coast,  in  all  amounting  to  twenty-five  species.  The  Siphonophone  were 
represented  by  the  beautiful  Agaltnotm*  or  Sars ;  the  Ctenophorae  by  two  species 
of  Cgdippe — one  of  Beroe,  and  the  Mnemia  Norvegica ;  the  Steganophthalmata  by 
ail  the  British  species,  except  Pelagia;  and  the  Gymnophthalmata  by  thirteen 
species,  six  of  which  were  new  to  science.  In  addition  to  the  above,  two  other 
species  of  Thaumantias  had  been  taken  in  Belfast  Bay,  one  the  T.  lineata,  the  other 
a  new  species,  which  he  proposed  to  name  T.  Pattersonii. 

The  author  then  proceeded  to  describe  the  seven  new  species  which  he  had  dis- 
covered. Three  of  these  were  referred  to  the  genus  Thaumantias,  one  to  Bougain- 
villea,  one  to  Equorea,  one  to  Steerutrupia,  and  one  was  deemed  sufficiently  remark- 
able to  induce  him  to  establish  a  new  genus  for  its  reception.  This  last  animal  was 
particularly  interesting,  since  it  was,  in  all  probability,  identical  with  the  medusoids 
produced  from  Coryne,  as  observed  in  Iceland  by  Professor  Steenstrup. 

The  author  also  noticed  that  in  this  medusa  reproduction  took  place  by  gemma- 
tion from  the  tentacles  themselves,  as  also  from  the  tentacular  bulbs.  He  had 
observed  the  latter  mode  to  occur  in  his  new  species  of  Steenitrupia.  The  develop- 
ment of  medusoids  from  Laomedea  geniculata  was  next  alluded  to :  in  all  the  cases 
which  the  author  had  himself  observed,  the  medusoids  were  free  and  detached,  nor 
in  any  instance  was  he  able  to  corroborate  the  statement  of  Loven,  "  that  the  medu- 
soids merely  expanded  at  the  summit  of  the  '  ovigerous  vesicle,'  discharged  ova, 
and  then  perished."  He  did  not,  however,  wish  to  deny  the  correctness  of  Loven's 
description.  The  free  medusoids  were  probably  males.  Allusion  was  also  made  to 
the  observations  of  Dr.  T.  S.  Wright  and  Mr.  C.  W.  Peach.  The  author  concluded 
by  calling  the  attention  of  members  to  the  study  of  this  interesting  group  of  animals. 
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Notice  of  a  curious  Monstrosity  of  Form  in  the  Fusus  antiquus. 
By  G.  C.  Hyndman. 
The  specimen  exhibited  was  obtained  daring  the  present  summer,  by  dredging  off 
Groomsport,  in  the  county  Down,  by  Samuel  Vance,  Esq.,  and  George  Murray,  Esq., 
and  kindly  presented  by  the  former  to  Mr.  Hyndman.  Unfortunately,  the  animal 
was  not  preserved,  as  tne  specimen  was  boiled  along  with  a  number  of  other  shetti, 
and  their  contents  extracted  before  the  singular  form  of  this  shell  attracted  notice. 
The  author  had  no  doubt,  however,  in  referring  to  it  as  a  curious  and  interestiag 
monstrosity  of  the  common  Fusus  antiquus,  although  its  convolute  form  more  nearly 
resembled  that  of  the  foreign  genus  Delphiuula,  or  of  EuomphaUs.  From  the  pro- 
jection of  two  or  three  turns  of  the  original  apex  of  the  shell,  from  the  centre  of  the 
toil,  the  author  considered  that  the  abnormal  form  had  been  occasioned  by  some 
accident  befalling  the  animal  whilst  in  the  young  state,  which  obliged  it  to  change 
the  usual  angle  of  the  whorl  with  the  central  spire,  and  that  the  shell  has  thus 
become  convoluted  as  seen.  

Remarks  on  certain  Genera  of  Terrestrial  Isopoda. 
By  Professor  J.  R.  Kinahan. 
These  have  all  been  included  by  M.  Edwards  under  his  group  Cleportides,  but  are 
very  improperly  characterized,  and  the  British  species  are  comparatively  unknown. 
A  new  arrangement  of  the  genera  was  proposed,  the  characters  selected  as  generic 
being  the  presence  or  absence  of  the  so-called  "epimerals"  of  the  abdominal  ring?, 
the  state  of  development  of  the  frontal  and  lateral  lobes  of  the  head,  the  form  and 
characters  of  the  terminal  abdominal  ring  and  its  appendages,  and  the  form  and 
structure  of  the  filaments  of  the  external  antennas.  The  following  arrangement 
was  suggested : — Family  Ligidas,  genus  Ligia  (Brandt) ;  family  Philocidc,  genera 
Ligidium,  Titanethes  (Schiodte),  Philoscia  (Latreille);  family  Iteadss,  genera  Tri- 
choniscus  (Brandt)  ?  this  genus  may  owe  its  origin  to  imperfect  means  of  examina- 
tion. I  tea  (Koch,  in  part) ; — this  would  appear  to  contain  three  genera  in  Koch,  one 
only  of  which  belongs  to  this  division.  Philougria  (mihi),  Deto  (Guerin)  ?  Porcd- 
lionidas,  Platyarthrus  (Brandt)?  Porcellio  (Brandt)  ;  Oniscus  (Latreille);  Armad3- 
lidss.  Armadillo  (Brandt) ;  Armadillium  (Brandt) ;  Spherillo  (Dana).  The  other 
families,  Cubaridas  and  Diploexochidse,  are  not  met  with  in  Britain.  The  species  met 
with  in  Britain  are  as  follows :  seven  being  new  to  that  country ;  they  are  all  met 
with  in  Ireland,  except  P.  armadMoides,  of  which  specimens  from  London  are  in  the 
British  Museum  collection : — Ligia  oceanica ;  Philoscia  muscorum ;  Philougria  cekr 
(mihi) ;  Philougria,  generic  character, — epimerals  of  abdominal  rings  rudimentary, 
head  rounded,  neither1  lateral  nor  frontal  lobes,  last  pair  of  abdominal  false  legs 
uncovered,  peduncle  branched,  external  branch  of  the  lateral  appendages  subulate ; 
antennae  four ;  internal  antennas  rudimentary ;  external  antennas  filament  subulate, 
smooth,  five-jointed,  terminal  joint  setaceous :  Porcellio  scaber  (Brandt) ;  P.  <£Jo- 
tatus  (Brandt) ;  P.  pictvs  (Brandt)  ;  P.  lands  (Latreille)  ;  P.  pruinosus  (Brandt) ; 
P.  armadMoides  (Lereboullet) ;  P.  cingendus  (mihi), — body  elongated,  smooth  or 
slightly  scabrous,  frontal  and  lateral  processes  rudimentary  only;  last  abdomioal 
ring  triangular,  acute  at  apex :  Oniscus  murarius  (Cuv.)  ;  O.fossor  (Koch  ?);  Arma- 
dillium officinale  (Brandt).    All  the  species  are  from  the  neighbourhood  of  Dublin. 

On  a  New  Species  ofGalathea.  By  Professor  J.  R.  Kinahan. 
This  species  combined  many  of  the  characters  of  the  genera  Munida  and  Galathe* 
as  at  present  constituted,  possessing  the  elongate  slender  claws  of  the  former,  and 
the  flattened  broad  rostrum  of  the  latter.  This  new  species  in  characters  is  inter- 
mediate between  the  three  known  species.  Professor  Kinahan  had  named  it  Gala- 
thea  Andretosii.  It  is  found  abundantly  along  the  east  coast  of  Ireland,  from  Beirut 
to  Dublin.  __^ 

On  the  Cranium  of  Osseous  Fishes  and  its  Vertebrate  and  Articulate 
Homologies.    By  Professor  Macdonald,  MJ). 


TRANSACTIONS  OF  THE  SECTIONS.  105 

On  the  Specific  Distinction*  of  Uria  troile  and  Uria  lacrymans. 
By  the  Rev.  F.  O.  Morris. 
The  author  showed  that  in  the  Uria  lacrymans  the  eye  is  larger  than  in  the  Uria 
troile,  and  this,  in  addition  to  the  permanent  white  streak  from  which  the  bird  derives 
its  name  in  the  Latin,  French  and  English  languages,  and  the  darker  colour  of  old 
birds,  he  considered  to  establish  the  species  distinct.  He  pointed  out  the  Corvus 
corone  as  only  distinguishable  from  Corvus  comix  in  a  portion  of  the  plumage ;  and 
though  the  birds  were  different  in  habits,  so  were  the  young  and  the  old  birds  of  one 
and  the  same  species,  Lotus  marinus,  the  former  being  gregarious  and  the  other  not. 
On  the  whole,  he  concluded  that  neither  in  the  shape  or  size  of  the  bill  or  feet  was 
there  any  but  accidental  or  temporary  differences  between  individuals  of  the  two 
species,  as  imagined  by  Macgillivray  and  others,  but  the  distinctions  he  had  pointed 
out,  existing  as  they  did  "  semper,  ubique,  et  in  omnibus/'  were  permanent  specific 
characteristics,  and  marked  the  individuality  of  the  species. 

On  the  Dispersion  of  Domestic  Animals  in  connexion  with  the  Primary  Eth- 
nological Divisions  of  the  Human  Race.    By  W.  Ogilby,  F.L.S. 

The  author  commenced  by  observing  that  the  present  memoir  was  the  complement 
of  a  paper  read  at  the  Belfast  Meeting  of  the  Association,  "  On  the  Geographical  Dis- 
tribution of  Animals  adapted  to  Domestication,  in  relation  to  the  progressive  Develop- 
ment of  Human  Civilization."  The  extent  of  the  subject,  and  the  limited  time  at 
his  disposal,  compelled  him  to  confine  his  attention  to  the  domestic  sheep ;  but  the 
same  phenomena  were  exhibited  by  the  Qx,  Dog,  Goat,  &c.  The  leading  facts  of  Mr. 
Ogilby's  communication  may  be  comprised  under  the  following  heads : — 

1.  That  the  Ovis  Brachy ura,  proper  to  the  northern  parts  of  Europe  and  Asia,  is 
the  characteristic  variety  of  the  Tscnudic  or  Ugrian  races  of  mankind.  The  conquests 
and  encroachments  of  the  Indo-Germanic  races  have  circumscribed  the  boundaries, 
and  in  some  places  interpolated  their  own  proper  variety  (the  0.  dolichura)  into  the 
original  habitat  of  the  snort-tailed  sheep ;  but  even  where  the  aboriginal  natives 
have  been  long  extirpated  or  amalgamated  with  the  conquering  race,  as  in  Iceland, 
the  Faroe  Islands,  &c,  this  variety  still  retains  its  ground;  whilst  it  is  die  only 
breed  found  north  of  the  river  Occa  among  the  scattered  remains  of  the  Ugrian 
nations. 

2.  That  the  Ovis  dolichura  has  been  from  time  immemorial  the  appropriate  breed 
of  the  Indo-Germanic  nations,  the  Celts,  Germans,  Greeks,  Romans,  &c.  The  con- 
quests and  migrations  of  this  widely-spread  race  probably  introduced  it  into  Western 
and  Southern  Europe  long  anterior  to  the  historic  era,  as  they  have  more  recently 
done  into  North-western  India,  America,  Australia,  and  partially  into  Northern 
Africa. 

3.  That  the  Ovis  platyura  was  originally,  as  it  still  continues  to  be,  the  character- 
istic variety  of  the  Semitic  nations.  It  is  frequently  mentioned  in  the  Bible,  and  has 
been  extended  by  the  conquests  and  commerce  of  the  Arabs  into  Central  Asia, 
Persia,  Barbary,  and  along  the  whole  East  coast  of  Africa,  as  far  as  the  Cape  of  Good 
Hope.  It  is  this  variety  which  furnishes  the  beautiful  lamb-skins  of  Bokhara  and 
the  Crimea. 

4.  That  the  Ovis  steatopyga  was  the  original  breed  of  the  Mongolic  nations,  who 
still  continue  to  cultivate  it  exclusively  on  the  elevated  plains  of  Central  and  North- 
eastern Asia  and  China.  At  a  very  remote  period  it  was  introduced  by  the  conquests 
of  these  hordes  into  South-western  Asia,  and  is  unmistakeably  mentioned  by  Moses 
in  three  or  four  texts  of  the  Sacred  Volume ;  but  it  seems  never  to  have  obtained 
much  favour  among  the  Semitic  nations,  and  was  not  spread  abroad,  like  the  0,  pla- 
tyura, by  the  conquests  of  the  Arabs. 

5.  That  the  Ovis  longicaudata  was  the  original,  as  it  still  continues  to  he  the  ap- 
propriate breed  of  the  dark-skinned  races  or  mankind  both  in  Asia  and  Africa,  the 
jEtniopians  of  classical  writers.  It  is  exclusively  found  in  the  Central  and  Western 
parts  of  Africa,  from  Mount  Atlas  to  the  country  of  the  Great  Damarras ;  and  still 
lingers  along  the  Southern  coasts  of  Arabia  and  Persia,  in  both  Indian  Peninsulas, 
and  the  interior  of  some  of  the  great  islands  of  the  Indian  Archipelago. 
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Mr.  R.  Patterson  read  the  following  note  of  the  quantity  of  periwinkle*  (Lttto- 
rina  littorea)  shipped  at  Belfast  during  the  years  1853, 1864, 1855,  and  1856.  It  had 
been  kindly  furnished  to  him  by  Edmund  Getty,  Esq.,  Secretary  to  the  Harbour 
Commissioners  of  that  port .» — 

Bags.  Tons.  Bushels. 

1853 1034 181 3102 

1854 2626 459} 7878 

1855 2266 400 6658 

1856 786 137 2358 

Such  of  these  as  are  not  got  in  the  Bay  of  Belfast,  are  principally  collected  on  the 
coasts  of  the  County  Down ;  but  the  "  banks"  from  which  they  have  been  derived 
are  becoming  exhausted,  and  no  longer  capable  of  supplying  the  demand.  The 
quantity  of  periwinkles  deficient  is  now  imported  from  Stranraer  to  Belfast,  and 
thencd  re-shipped  for  London.  The  local  term  in  the  north  of  Ireland  for  the  peri- 
winkle is  "  whelk."  The  "  whelk"  {Buccinum  undatum)  is  known  as  the  "  bucbe." 


On  a  Method  of  applying  the  Compound  Microscope  to  the  side*  or  top  of 
Aquaria  less  than  two  feet  in  height.    By  Professor  Rbdfbrn,  Mu). 

The  arrangement  consists  of  a  vertical  stem,  supported  by  a  heavy  foot.  On  the 
stem  a  shdrt  transverse  tube  slides  vertically  and  rotates  on  the  axis  of  the  stem,  as 
well  as  on  an  axis  at  right  angles  to  the  direction  of  the  stem.  This  transverse  tube 
carries  a  long  sliding  arm,  made  use  of  as  a  lever,  with  arms  of  very  unequal  length. 
The  short  arm  of  the  lever  terminates  in  the  cup  of  a  ball-and-socket  joint.  A  short 
stem  attaches  a  tube  to  the  ball,  and  this  tube  allows  that  which  carries  the  objective 
and  ocular  to  slide  through  it  in  coarse  adjustment ;  whilst  a  fine  adjustment  is  made 
by  acting  on  the  long  arm  of  the  lever.  The  body  of  the  microscope  may  thus  be 
placed  either  vertically  or  horizontally,  and  placed  either  over  an  aquarium  or  applied 
to  its  side  with  equal  ease  in  the  use  of  the  2  inch,  1-inch,  and  the  J- inch  objectives. 
For  the  purpose  of  illumination,  the  author  employs  a  small  mirror,  which  is  let 
down  into  the  fluid,  and  Is  capable  of  being  moved  in  any  direction  by  a  simple 
arrangement  of  brass  wires  shown  to  the  Section. 


On  Flustfella  hispida.    By  Professor  Rbdfbrn,  M.D. 

The  author  pointed  out  numerous  inaccuracies  in  the  existing  descriptions  of 
Flustrella  hispida,  under  the  names  of  Flustra  hispida  and  Flustra  camosa,  referring 
especially  to  the  facts  that  no  spines  are  ever  to  be  found  on  that  side  of  the  aperture 
of  the  cell  next  its  base ;  and  that  whilst  in  specimens  gathered  in  Kincardineshire 
the  spines  are  placed  on  the  septa  all  round  the  cells,  in  those  gathered  in  Dublin 
Bay  the  spines  for  the  most  part  form  a  semicircle  over  the  aperture,  two  or  three 
only  being  found  on  the  sides  of  the  cell  in  rare  instances.  The  author  then  described 
the  structure  of  the  polypide  after  its  removal  from  the  cell  and  its  development  by 
gemmation,  describing  its  various  stages  from  day  to  day,  as  it  grew  from  a  mere 
projection  on  the  wall  of  the  original  cell,  up  to  a  complete  cell  with  its  spines  and 
fully  protruded  polypide.  The  various  characters  of  the  perfectly  formed  zoophyte, 
with  its  cells  set  with  spines,  the  most  prominent  features  of  its  anatomical  struc- 
ture, and  the  growth  of  the  new  being  from  day  to  day,  were  illustrated  by  a  series 
of  coloured  drawings  made  by  the  author  with  the  camera  lucida.  Microscopical 
preparations  were  also  exhibited  to  the  Section  showing  the  characters  of  the  cell, 
and  of  the  polypide  after  its  removal. 


Notes  on  some  of  the  Animals  of  Tibet  and  India. 
By  Hermann  and  Robert  SchlagimtweIt. 
The  existence  of  the  Yak,  or  Tibetan  Ox  (Bos  grwmims),  in  a  wild  state  has  been 
repeatedly  doubted,  bot  we  frequently  found  wild  yaks.  The  chief  localities  where 
we  met  with  them  were  both  sides  of  the  range  which  separates  the  Indus  from  the 
Sutlej,  near  the  origin  of  the  Indus,  and  near  the  environs  of  Gartok ;  but  the  great- 
est number  of  them  was  at  the  northern  foot  of  the  high  Karakorum  range,  as  well 
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as  to  the  south  of  the  Koenraen,  in  Turkisfen.  la  Western  Tibet,  particularly  in 
Ladak,  there  are  no  more  yaks  in  a  wild  state  at  present,  though  I  have  no  donbt 
that  they  hare  formerly  existed  there*  They  seem  to  have  been  extirpated  here,  the 
population  being,  though  very  thin,  a  little  more  numerous  than  in  Tibet  in  general. 
As  Ladak  has  been  occasionally  more  visited  by  travellers  than  any  other  part  of 
Tibet,  the  want  of  the  yak  here  has  probably  given  rise  to  the  idea  that  they  are  no 
more  to  be  found  in  a  wild  state  at  all.  Amongst  all  quadruped  animals  the  yak  is 
found  at  the  greatest  height :  it  stands  best  the  cold  of  the  8nowy  Mountains,  and 
is  least  affected  by  the  rarefied  air.  But  at  the  same  time  the  range  of  temperature 
in  which  a  yak  can  live  is  very  limited ;  the  real  yak  can  scarcely  exist  in  summer 
in  heights  of  8000  feet.  We  often  found  large  herds  of  wild  yaks,  from  thirty  to 
forty,  in  heights  of  18,600  to  18,900  English  feet  j  and  on  one  occasion  we  traced 
them  even  as  high  as  19*300  feet, — a  remarkable  elevation,  as  it  is  very  considerably 
above  the  limits  of  vegetation,  and  even  more  than  1000  feet  above  the  snow-line* 
The  hybrid  between  the  yak  and  the  Indian  cow  is  called  Chooboo,  and  it  is  very 
remarkable  that  the  chooboos  are  fertile.  The  chooboos,  which  are  most  useful 
domestic  animals  to  the  inhabitants  of  the  Himalayas,  are  brought  down  to  lower 
places,  where  yaks  do  not  exist,  and  where  consequently  they  cannot  mix  either 
with  yaks  or  with  the  Indian  cow.  We  had  occasion  to  see  and  examine  the  offspring 
of  chooboos  as  far  as  to  the  seventh  generation,  and  in  all  these  cases  we  found  the 
later  generations  neither  much  altered  nor  deteriorated ;  and  we  were  moreover  in- 
formed that  there  was  never  found  any  limit  as  to  the  number  of  generations* 

The  Kiang,  or  wild  horse  (Equvs  kemumtut),  has  been  often  confounded  with  the 
Gorkhar,  or  wild  ass,  though  they  differ  considerably  in  appearance,  and  inhabit 
countries  with  very  dissimilar  climates.  The  kiang  exists  in  the  high  cold  regions 
and  mountains  of  Tibet,  the  ass  in  the  heated  sandy  plains  of  Sindh  and  Beloo- 
chistan.  The  kiang  is  found  in  great  numbers  nearly  in  the  same  localities  as  the 
yak  ;  he  does  not,  however,  go  up  the  mountains  so  high  as  the  yak,  but  the  range 
of  his  distribution  is  greater  than  that  of  the  yak.  The  greatest  elevation  where  we 
found  kiangs  was  18,600  English  feet,  whilst  we  traced  yaks  as  high  up  as  10,300 
feet*  The  region  where  the  yak  and  the  kiang  are  found  are,  in  a  zoological 
point  of  view,  among  the  most  remarkable  and  interesting  of  our  globe.  The 
highest  absolute  elevation  coincides  here,  it  is  true,  with  the  greatest  height  of  the 
snow-line,  or  rather  it  causes  the  snow- line  to  be  higher.  But  those  large,  high 
plateaus  and  regions,  though  free  from  snow  and  ice  in  summer,  remain  a  desert 
throughout  the  year.  The  amount  of  vegetation  on  them  is  less  than  it  is  in  the 
Desert  between  Suez  and  Cairo,  in  Egypt.  Nevertheless  these  high,  sterile  regions 
are  inhabited  by  numerous  herds  of  large  quadrupeds ;  and  besides  those  already 
mentioned,  numerous  species  of  wild  sheep,  antelopes,  and  a  few  canine  animals, 
chieBy  wolves,  8*8  well  as  hares,  are  abundant.  The  herbivorous  animals  find  here 
their  food  only  bt  travelling  daily  over  vast  tracts  o(  land,  as  there  are  only  a  feW 
fertile  spots*  the  greater  part  being  completely  barren.  The  great  scarcity  of  vege- 
tation, particularly  the  entire  absence  of  mosses  and  lichens,  has  a  very  different 
effect,  though  an  indirect  one,  on  the  occurrence  of  birds.  Those  small  plants  are  the 
chief  abode  of  insects :  the  want  of  mosses  and  lichens,  coinciding  with  a  total  absence 
of  humus,  limits,  therefore,  to  its  minimum  the  occurrence  of  insects,  the  exclusive 
food  of  small  birds  in  all  extremely  elevated  parts  of  the  globe,  where  grains  are  no 
more  found.  We  indeed  met,  travelling  twenty  consecutive  days  between  heights  of 
.14,000  to  18,200  feet,  only  with  three  individuals  belonging  to  a  species  of  Fringitla, 
but  occasionally  a  few  large  carnivorous  birds,  as  vultures,  were  met  with. 

The  Gorkhar,  or  wild  ass  (Arinu$  onager),  an  animal  which,  as  I  mentioned  before, 
has  been  often  confounded  with  the  Kiang,  or  wild  horse,  inhabits  chiefly  the  rather 
hilly  districts  of  Beloochistan,  part  of  the  sandy  plains  of  Sindh  ;  and  a  similar  animal 
is  to  be  found,  if  I  am  not  mistaken,  to  the  westward  of  Beloochistan,  in  Persia, 
which  is  called  Koolan  {Equus  kemippus).  Dr.  Barth  lately  told  me,  that,  according 
to  the  description  I  gave  him,  he  thinks  the  asses  he  saw  In  Africa  identical  with  the 
Gorkhars,  or  wild  asses,  of  Sindh  and  Beloochistan. 

I  will  now  try  to  give  an  explanation  about  the  fabulous  tJnicorn,  Or  animal  Which 
is  said  to  have  one  horn  only.  This  animal  has  been  described  by  Messrs.  Hue  and 
Gabet,  the  famous  travellers  in  Eastern  Tibet,  according  to  Information  they  received, 
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is  a  species  of  antelope  with  one  horn  placed  uiisymmetrically  on  his  head.  When  my 
brother  Hermann  was  in  Nepaul,  he  procured  specimens  of  horns  of  a  wild  sheep 
(not  of  an  antelope)  of  very  carious  appearance.  At  first  sight  it  seemed  to  be  bat 
one  horn  placed  on  the  centre  of  the  head ;  but  on  closer  examination,  and  after 
having  made  a  horizontal  section  of  the  horn,  it  was  found  to  consist  of  two  distinct 
parts,  which  were  included  in  a  horny  envelope,  not  unlike  to  two  fingers  pot  in  one 
finger  of  a  glove.  The  animal  when  young  has  two  separate  horns,  which  are  how- 
ever placed  so  close  to  each  other,  that  the  interior  borders  begin  very  soon  to  touch 
each  other ;  later,  by  a  slight  consequent  irritation,  the  horny  matter  forms  one  on- 
interrupted  mass,  and  the  two  horns  are  surrounded  by  this  horny  substance,  so  that 
thev  appear  at  first  sight  to  be  but  one. 

In  conclusion,  allow  me  to  say  a  few  words  about  migratory  birds.  Then  are  no 
migratory  birds  in  the  Himalayas ;  we  nowhere  and  at  no  season  found  flocks  cross- 
ing the  Himalayas,  as  many  birds  of  Europe  cross  the  Alps,  between  Italy  and  Ger- 
many. The  Himalayan  birds  do  not  change  their  abodes  on  a  large  scale;  the 
different  various  heights  themselves  afford  them  the  opportunity  to  select  the  climate 
they  require  in  different  seasons.  In  the  plains  of  India,  however,  chiefly  in  Bengal, 
a  large  number  of  birds  disappear  during  the  breeding  time ;  they  do  not,  however, 
leave  India  altogether,  but  select  their  abodes  in  the  lower,  impenetrable  jungles  of 
the  delta  of  the  Ganges  and  Brahmapootra,  called  the  Sunderbunds,  where  they  were 
found  by  my  brother  Hermann  in  large  quantities,  whilst  at  the  same  time  they  had 
entirely  disappeared  in  Bengal  Proper. 

On  the  Reproductive  Zooids  of  Comatula  rosacea. 
By  Professor  Wyville  Thompson. 

'  On  Dredging  in  Weymouth  Bay.    By  W.  Thompson. 

The  results  of  a  day's  dredging  in  Weymouth  Bay,  by  Mr.  Thompson,  were  read, 
by  which  it  appeared  that  he  had  obtained  thirteen  species  of  Conchiferous  M otlosks ; 
two  of  fish ;  eight  of  Crustacea ;  two  Nudibranchiate  Mollusks ;  four  Tunkated 
Mollusks ;  four  Actiniade ;  one  Cirrhipede  ;  one  Medusa  (floating) ;  three  Sponges; 
three  Radiata ;  and  nine  Annelides. 

Mr.  Thompson  also  drew  attention  to  the  gregarious  habit  of  Dork  otlawsOste 
in  early  spring,  when  they  approach  the  shore  for  the  purpose  of  depositing  their 
coils  of  ova. 

He  also  drew  attention  to  the  constancy  with  which  certain  parasites  in  the  dif- 
ferent families  of  nature  are  always  found  in  the  same  species,  and  he  instanced 
Adamtia  palUatia  as  always  found  on  Pagtmu  Prideauxii ;  Sagartia  parasitica  on 
Pagurut  BemharduB ;  HaUchondria  suberea  on  Pagurus  ForbuH,  and  very  seldom  on 
PaguruB  lewis ;  Hydractinia  echinata  on  Pagwnu  Bemhardus.  Pecten  operation*, 
when  young,  is  always  attached  by  a  byssus,  and  Pecten  varhts  is  attached  through- 
out its  existence. 

The  dredging  ground  was  on  a  rough  shingle  and  coralline  bottom  in  10  fathoms 
water,  in  Weymouth  Bay,  about  four  miles  from  the  shore. 

Notes  of  a  Visit  to  MUchelstown  Caves* 
By  Dr.  £.  Percival  Wright,  Director  of  the  Dublin  University  Museum. 

The  author  stated,  that  in  company  with  Mr.  Halliday,  he,  in  the  early  part  of 
August  1857,  explored  the  extensive  limestone  caverns  situated  in  the  valley  of 
Mitchelstown,  between  the  Galtee  and  the  Knockmildown  ranges  of  mountains;  the 
object  of  the  visit  being  to  examine  whether  any  of  the  curious  blind  animals,  so  well 
known  as  inhabiting  the  Carniola  and  other  caves,  could  be  found  in  Ireland. 

He  gave  a  brief  sketch  of  the  geology  of  the  district,  of  the  various  blind  insects 
found  on  the  continent  and  described  by  Schiodte,  and  of  the  Mitchelstown  Cave,  of 
which  a  ground-plan  was  exhibited ;  and  then  stated  that  in  the  interior  of  the  cave, 
and  near  some  small  pools  of  water  formed  by  the  dropping  from  the  roof,  specimeoi 
of  a  small  white  Lipura  were  discovered.  This  insect  comes  very  near  to  the  species 
figured  by  Schiodte,  found  in  Adellesburg  Cave ;  but  on  a  very  careful  ^mitn^nii 


TRANSACTIONS  OF  THE  SECTIONS.  109 

by  Mr.  Halliday,  many  differences  were  detected,  more  particularly  the  total  absence 
of  ocelli,  fourteen  of  which  are  figured  by  Schiodte  on  each  side  of  the  head  of  his 
Lipura ;  but  not  a  trace  of  ocelli  was  found  in  the  Mitchelstown  Cave  specimens. 
Mr.  Halliday  observed  that  there  were  some  other  points,  in  which  Schiodte's  obser- 
vations, or  at  least  his  interpretation  of  them,  were  at  variance  with  what  is  known 
of  the  common  structure  of  this  family.  Hence  he  was  led  to  hesitate  as  to  the  im- 
portance to  be  attached  to  the  differences  noted.  His  lipura,  as  well  as  another 
species  of  the  family  (certainly  blind),  Tritomunu  scuteUatus,  had  both  been  ascer- 
tained to  have  an  extensive  range  in  the  caves  of  the  Austrian  territory,  and  it  did 
pot  seem  so  improbable  that  they  should  occur  in  similar  situations  even  in  these 
islands.  The  other  species  found  in  the  Mitchelstown  caves  having  distinct  eyes,  and 
the  structure  of  the  anal  fork  agreeing  with  Macrotoma,  could  not  be  confounded 
with  the  last-named  insect. 

The  list  of  the  proper  subterranean  Fauna  of  the  European  caves  (independent  of 
the  immigrant  animals  which  occur  on  the  outer  world  also)  had  been  largely  added 
to  since  Mr.  A.  Murray's  paper  "  On  Blind  Insects  and  Blind  Vision"  was  written. 
Mr.  Halliday  submitted  a  list  which,  in  its  turn,  would  doubtless  soon  be  antiquated 
by  the  fresh  investigations  so  diligently  pursued  by  the  Austrian  naturalists.  The 
present  list  comprises :— Vertebrata,  1 ;  Insecta,  31  ;  Arachnida,  7  ;  Myriapoda,  1 ; 
Crustacea,  6 ;  Annelida,  1 ;  Mollusca,  17. 


Physiology. 


The  President  of  the  Physiological  Sub-Section  said  that  it  would  be  in  the  recol- 
lection of  several  persons  present,  that  in  the  year  1835,  when  the  British  Associa- 
tion met  first  in  Dublin,  a  Physiological  or  Medical  Section  had  been  formed  and 
had  worked  with  great  success,  and  that  many  important  additions  to  science  had 
emanated  from  its  labours.  Since  that  period,  however,  at  the  meetings  of  the 
Association  which  took  place  in  the  principal  towns  throughout  the  empire,  no 
Physiological  Section  existed,  nor  indeed  had  it  been  originally  intended  in  the 
arrangements  for  the  present  meeting  in  Dublin  to  establish  any  such  Section  as  a 
distinct  one.  It  had  been  found,  however,  that  many  distinguished  scientific  medi- 
cal men  had  assembled  in  the  city,  representing  not  merely  England  and  Scotland, 
but  several  of  the  Continental  countries,  and  even  America,  and  it  was  determined, 
even  at  the  present  late  hour,  to  organize  a  Sub-section,  in  which  the  labours  of  these 
eminent  medical  men  could  be  made  available  for  the  promotion  of  science,  and  he 
(Professor  Harrison)  was  happy  to  congratulate  the  meeting  on  the  distinguished 
array  of  gentlemen  now  assembled  in  this  room. 


On  certain  a  priori  Principles  of  Biology.    By  Professor  Alison,  M.D. 

The  writer  stated  that  there  were  certain  principles  which  should  be  admitted  as 
ultimate  facts,  as  stated,  very  accurately,  by  Cuvier,  because  exceptions  to  the  laws  of 
inorganic  matter ;  and  that  they  formed  the  same  basis  for  physiological  science  as 
the  principles  of  Gravity,  the  Inertia  of  Matter,  or  the  Laws  of  Chemistry,  for  the 
sciences  of  dead  matter,  and  as  certain  inductive  principles  to  the  science  of  morals. 
It  might  be  said  that  the  object  of  the  paper  was  to  apply  the  logic  of  the  Scotch 
school  of  metaphysics  to  physiological  science ;  but  on  account  of  the  recent  illness  of 
the  distinguished  author,  the  communication  was  incomplete*. 

*  Dr.  Gairdner,  of  Edinburgh,  ai  a  pupil  of  Professor  Alison,  explained  the  nature  and  ob- 
ject of  his  distinguished  preceptor's  views,  which  he  said  were  chiefly  directed  to  oppose  the 
modern  tendency  of  medical  investigation,  which  he  regarded  as  likely  to  degrade  the  science 
to  that  of  a  subordinate  department  of  chemistry  on  the  one  hand,  and  of  mechanical  science 
on  the  other,  omitting  the  one  consideration  of  that  indispensable  though  less  intelligible  class 
of  phenomena  which  were  known  to  be  viiaL 
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A  Brief  Suggestion*  recommending  a  more  complete  Compilation  of  At  Fart* 
illustrating  the  Physiology  of  Vegetable  and  Animal  Secretions.    By  R. 

Dowden. 

-    ■.,■■■  ■  - 

On  the  Actum  of  some  Animal  Poisons. 
By  M.  Fa  ye,  M.D.,  Professor  in  the  University  of  Norway. 

On  the  Action  of  the  Auricula-  Ventricular  Valves  of  the  Heart. 
By  Dr.  Gairdnbr. 

T  The  author  had  frequently  found  auriculo- ventricular  regurgitant  murmurs,  which 
were  not  fully  explained  by  the  post-mortem  appearances.  He  pointed  out  anato- 
mical conditions  of  the  valves  at  the  time  of  their  tension,  which  he  believed  have 
not  been  sufficiently  attended  to ;  and  that  these  explained  the  occurrence  in  certain 
otherwise  obscure  cases  of  regurgitant  murmurs  without  organic  lesions  of  the  valves 
or  dilatation  of  the  orifices. 

On  ike  Mortality  from  certain  Diseases.  By  Dr.  Gaikdkkr. 
The  object  of  the  author  was  to  obtain  a  more  accurate  account  of  the  causes  of 
death,  especially  in  our  hospitals,  than  yet  obtained  by  the  reports  afforded  by  those 
institutions.  In  the  course  of  his  remarks  Dr.  Gairdner  commented  upon  the  returns 
of  the  Registrar- General,  and  stated  that  for  the  purposes  of  medical  science  they 
were  in  many  respects  framed  so  as  to  mislead,  from  their  referring  only  to  a  single 
cause  of  death  in  each  case,  whereas  the  real  fatal  issues  of  disease  were  usually 
very  complex.  

On  the  Oriental  Bath. 
By  Edward  Haughton,  M.D.  (Edinb.),  M.RC.S.  Ed. 

Antiquarians  inform  us  that  some  of  the  most  ancient  ruins  in  the  world  arc  those 
of  hot-air  baths;  whilst  hot-water  baths  (to  lie  down  in)  are  so  modern  as  to  bare 
been  unknown  to  the  Greeks.  The  former  kind  possesses  many  marked  advantages 
over  the  latter,  both  in  purifying  the  blood,  and  as  a  simple  detergent;  being,  more- 
over, less  liable  to  overheat  the  body ;  the  evaporation  from  the  surface  "being  a  safe- 
guard in  the  case  of  hot-air  which  does  not  exist  when  a  denser  medium  is  employed 
when  the  skin  has  been  got  to  act  well,  soap  and  water  are  then  employed  to  remove 
the  impurities  thus  brought  to  the  surface.  The  baths  of  the  East  are  not  only  more 
salutary  than  those  which  we  are  familiar  with,  but  are  infinitely  pleasanter ;  as  the 
bath  itself  is  a  chamber  permitting  perfect  freedom  of  motion.  It  is  also  of  a  social 
character;  a  kind  of  bathing  dress  being  worn  of  sufficient  size  to  permit  persons  of 
the  same  sex  to  meet  together  without  embarrassment.  This  kind  of  bath  is  univer- 
sally resorted  to  by  Mahometans  as  a  religious  duty;  indeed,  on  a  rough  calculation, 
it  may  be  said  to  be  employed  by  £th  of  trie  human  race.  No  objection  on  the  head 
of  climate  can  be  urged  against  this  practice,  as  it  is  employed  in  so  many  and  so 
variable  regions;  nor  could  it  be  used  (as  it  is)  by  every  class  of  society,  if  there  were 
anything  in  its  uature  to  prevent  it  from  being  self-supporting  at  a  reasonable  charge. 
It  appears,  moreover,  that  certain  forms  of  disease  (here  very  prevalent)  are  scarcely 
known  at  all  in  those  countries,  where  the  bath  is  in  general  use ;  and  that  it  aho 
possesses  considerable  curative  efficacy,  being  capable  of  removing  opium,  nieoihit, 
alcohol,  and  other  poisons  from  the  blood ;  so  that  it  is  not  unreasonable  to  suppose, 
that  if  it  were  introduced  into  this  country,  a  great  sanitary  revolution  would  taks 
place.  These  circumstances  render  it  worthy  of  the  best  attention  of  all  refcrmtn 
and  philanthropists. 


On  the  Physiological  Relations  of  Albumen*  By  Professor  Haydkm,  MJ). 
The  writer  commenced  with  some  preliminary  observations  tending  to  show  that 
the  elimination  by  the  excernent  glands  of  the  body  of  certain  of  the  stamina]  prin- 
ciples of  the  blood,  was  indicative  of  derangement  in  the  normal  proportion  of  its  con- 
stituent elements,  whether  resulting  from  temporary  indigestion  or  confirmed  disease; 
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and  proceeded :  "  It  is  well  known  that  the  '  elements  of  respiration'  may  ha  stored 
up  in  the  body  by  a  process  of  deposition  in  the  form  of  fat,  to  meet  the  urgent 
demands  involving  a  large  expenditure  of  these  elements,  to  which  variation  of  external 
temperature  and  other  circumstances  occasionally  expose  the  animal.  Not  so,  how* 
ever,  the  '  plastic  elements  of  nutrition;'  these  are  appropriated  only  as  required  for 
immediate  use  in  the  renovation  of  the  tissues ;  and  if  from  any  cause  one  of  them 
happen  to  be  in  excess  in  the  blood,  whether  absolutely,  as  the  direct  result  of  indi- 
gestion, or  relatively,  by  loss  of  some  of  the  allied  constituents,  then  a  process  which 
may  be  conveniently  designated  elemental  adjustment  is  set  up,  by  which  the  principle 
in  excess  continues  to  be  discharged  from  the  system  till  it  attains  the  normal  pro* 
portion  relatively  to  the  other  staminal  elements." 

In  proof  of  the  existence  of  this  self-adjusting  power  in  the  blood,  the  observation 
of  Kaupp  was  mentioned,  to  the  effect  that  the  quantity  of  chloride  of  sodium 
excreted  by  the  kidneys,  usually  observed  a  definite  proportion  to  that  taken  by  the 
animal ;  but  if  this  salt  be  withheld  for  some  time  and  then  given  in  large  quantity, 
the  kidneys  are  found  to  eliminate  fast  than  the  quantity  taken  :  also  that  of  Andral, 
"  that  the  first  effect  of  haemorrhage  on  the  constitution  of  the  blood  is  a  decrease  of 
the  corpuscles  only ;  but  if  it  (the  haemorrhage)  be  prolonged  or  repeated,  the  albumen 
and  fibrine  are  found  to  have  undergone  a  corresponding  diminution."  In  such  a 
case,  it  is  asserted  by  Becquerel  and  Rodier  that  the  equilibrium  is  not  restored 
through  the  blood  lost,  in  which  the  corpuscles  and  albumen  observe  a  regular  and 
equal  ratio  of  decrease  with  each  subsequent  bleeding.  Albumen  is  occasionally  found 
in  the  urine  of  pregnancy,  and  may  be  accounted  for  on  this  hypothesis,  by  the  loss 
of  blood-corpuscles,  often  to  the  amount  of  27  parts  in  1000,  experienced  by  such 
females  who  are  peculiarly  anaemic.  An  absolute  or  relative  decrease  of  the  fibrine,  as 
in  scurvy  and  plethora,  will  give  rise  to  spontaneous  haemorrhage,  by  which  the 
equilibrium  is  restored  between  the  fibrine  and  globules.  The  marked  pallor  in  Bright's 
disease  indicates  a  loss  of  red  corpuscles,  amounting,  according  to  the  analyses  of 
Becquerel  and  Rodier,  to  nearly  10  per  cent.  The  albumen  likewise  undergoes  a 
diminution,  greatest  towards  the  termination  of  the  disease,  In  the  chronic  form 
of  this  disease  the  decrease  of  corpuscles  and  albumen  was  still  more  marked,  whilst 
the  fibrine  had  increased  to  a  mean  of  4*37  per  thousand. 

In  order  to  test  the  correctness  of  the  views  here  set  forth  in  general  terms,  the 
following  experiments  were  performed  ;  the  object  was  threefold,  viz.  1st,  to  deter- 
mine the  effect  produced  on  the  urine  by  inducing  an  absolute  or  relative  increase 
of  albumen  in  the  blood ;  2ndly,  the  action  of  urea  on  the  blood -corpuscles  as 
exhibited  by  the  microscope ;  and  3rdly,  the  proportion  of  albumen  contained  in 
the  serous  effusions  of  renal  and  cardiac  dropsy  respectively.  With  the  first-men- 
tioned object  in  view,  blood  was  taken  from  living  animals,  the  effect  of  which  was 
a  decrease  in  the  proportion  of  corpuscles  and  a  relative  increase  of  the  albumen  of 
the  circulating  blood.  An  absolute  increase  of  the  albumen  was  produced  by  draw- 
ing a  small  quantity  of  blood  from  an  animal,  and  then  injecting  into  ths  vein  an 
equal  quantity  of  a  solution  of  albumen  of  the  temperature  and  specific  gravity  of 
blood-serum.  After  having  been  operated  upon,  the  animal  was  placed  under  a  wire 
crib  on  a  concave  zinc  table,  with  an  aperture  in  the  bottom  leading  into  a  receiver, 
in  which  the  urine  was  collected. 

Experiment  1. — A  rabbit,  weighing  3}  lbs.,  was  fed  on  cabbage,  milk  afld  water  i 
the  urine  passed  next  day  was  feebly  alkaline,  specific  gravity  1020,  and  free  of 
albumen :  the  animal  was  then  bled  to  6  drachms,  and  fed  on  fresh  grass  and  warm 
milk  \  the  urine  examined  next  day  presented  the  same  reaction  and  specific  gravity, 
but  became  distinctly  opalescent  by  heat  and  nitric  acid. 

Experiment  2. — A  dog,  weighing  181bs.,  was  fed  on  milk  and  stirabout  \  urine 
neutral,  specific  gravity  1020,  contained  no  albumen  i  the  animal  was  bled  to  8 
ounces  on  the  18th  August;  on  the  19th,  the  urine  collected  during  the  previous  night 
was  examined  and  found  neutral,  specific  gravity  1030  j  it  contained  a  trace  of  albu- 
men. Examined  again  on  the  20th,  the  urine  was  found  alkaline  i  its  speeifio  gravity 
had  fallen  to  1020,  still  a  trace  of  albumen.  Aug.  21,  specific  gravity  1022  j  albu- 
men as  on  yesterday.  The  quantity  of  blood  taken  in  the  experiments  was  deter* 
mined  by  the  estimate  of  Welker,  according  to  which  the  total  quantity  in  the  body 
of  an  animal  is  equal  to  ^  th  its  weight. 
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.  'tyhea  the.  quantity  of  albumen  held  in  solution  is  very  small,  the  microscope 
affords  much  aid  in  its  detection.  If  a  drop  of  the  suspected  liquid  be  placed  on  a 
slip  of  glass  in  the  field  of  the  microscope,  and  a  drop  of  nitric  acid  be  added,  a  cloud 
of  minute  vesicles  will  be  observed  to  pass  slowly  over  the  field  of  view ;  and  if  the 
line  of  advance  of  this  cloud  be  closely  observed,  the  suddenness  with  which  the 
constituent  vesicles  start  into  view  from  an  apparently  structureless  fluid,  cannot 
fail  to  arrest  attention.  These  minute  bodies  present  a  highly  refractive  margin,  wit* 
a  light  centre,  and  an  average  diameter  of  T6i0dth  part  of  an  inch. 

Experiment  3. — A  young  dog,  weighing  121  be.  7oz.,  was  next  subjected  to  experi- 
ment. The  urine  collected  before  operating  was  free  of  albumen  and  alkaline,  specific 
gravity  1005.  Blood  was  now  drawn  from  the  jugular  vein  to  the  amount  of  5  ounces, 
arid  into  the  aperture  in  the  vessel  was  injected  £ss  x>f  fresh  dilute  ov.-albumeQ 
having  the  temperature  and  density  of  blood-serum.  Bread  and  warm  milk  were 
given  as  food,  and  ravenously  eaten.  The  following  day  it  was  found  that  no  arise 
had  been  passed  in  the  interim ;  the  second  day  after  (Aug.  27th),  4  ounces  of 
urine  were  collected,  neutral  in  reaction,  of  specific  gravity  1030,  and  highly  albo- 
menous,  being  almost  gelatinized  by  heat  and  nitric  acid.  The  albumen  was  coagu- 
lated and  collected  by  filtration,  dried,  pulverized,  and  freed  from  impurities  by  ether 
and  boiling  water,  subsequently  dried  and  incinerated ;  the  total  quantity  of  pore 
albumen  thus  obtained  was  9  grains.  In  order  to  determine  what  proportion  of 
this  was  due  to  the  ov-albumen  injected,  and  what,  if  any,  to  the  sex-albumen  dis- 
charged in  consequence  of  the  bleeding,  I  ascertained  the  amount  of  pure  dried  alba- 
men  yielded  by  half  an  ounce  of  the  white  of  egg,  and  found  it  to  be  72  J  grains. 

I  had  expected,  and  probably  would  have  found,  had  the  operative  part  of  the  ex- 
periment been  in  all  respects  successful,  a  balance  in  favour  of  the  albumen  excreted 
in  the  urine,  as  compared  with  the  quantity  contained  in  half  an  ounce  of  the  white 
of  egg,  but  unfortunately,  at  the  moment  when  the  last  portion  of  albumen  was  in- 
jected, and  before  a  ligature  could  be  applied  to  the  open  vessel,  the  dog  struggled 
violently  and  caused  a  fresh  loss  of  blood,  with  probably  a  more  than  proportionate 
loss  of  the  albumen  injected,  as  the  bleeding  occurred  chiefly  by  regurgitation  from 
the  heart.  Five  ounces  of  urine  were  obtained  from  this  dog  on  28th  August,  bat 
containing  no  trace  of  albumen. 

With  regard  to  the  action  of  urea  on  the  blood-corpuscles,  when  exposed  for  a  few 
hours  to  a  concentrated  solution  of  urea,  the  corpuscles  become  tumid  and  many 
entirely  disappear ;  the  action,  however,  is  slow  and  feeble. 

The  proportion  of  albumen  in  the  different  dropsical  effusions  next  engaged  my 
attention.  If  the  hypothesis  be  well-founded,  namely,  that  albuminaria  is  the  result 
of  au  effort  of  the  blood  to  restore  the  equilibrium  between  its  corpuscles  and  alba- 
men  by  ridding  itself  of  a  portion  of  the  latter,  then  we  might  not  unreasonably  ex- 
pect to  find  the  blood-serum  effused  coincidently  into  the  cellular  tissue  and  sefoos 
cavities,  bearing  evidence  of  the  same  tendency  by  containing  an  excess  of  albumen. 
With  the  view  of  determining  this  point  by  comparison  between  the  fluids  of  renal 
and  cardiac  dropsy,  I  analysed  the  serum  obtained  by  acupuncture  from  two  casta 
of  renal  anasarca,  and  compared  the  results  with  those  obtained  by  Andral  from  his 
analyses  of  the  serum  of  cardiac  dropsy.  The  proportion  of  albumen  obtained  by 
Andral  ranged  between  4  and  48  parts  in  a  thousand  j  in  my  two  analyses  the  pro- 
portion was  12  and  24  per  thousand  respectively.  I  should  desire,  before  coming 
to  any  definite  conclusion  on  this  point,  to  pursue  this  portion  of  the  inquiry  still 
further. 

The  inherent  property  of  quantitative  adjustment  in  the  blood  would  appear  to  have 
reference  mainly  to  nutrition,  which  requires  as  an  essential  condition  for  its  healthy 
exercise,  certain  fixed  mutual  proportions  between  the  constituent  elements  of  the 
blood.  The  maintenance  of  the  normal  relative  density  of  the  serum  and  corpuscles 
is  obviously  subserved  also  by  this  property. 

The  appearance  of  albumen  in  the  urine  is  either  transitory  or  persistent  When 
transitory,  it  is  produced  either  by  an  error  of  excess  in  the  use  of  proteine  substances, 
of  which  the  blood  seeks  to  relieve  itself  through  the  kidneys ;  or  by  a  state  of  con* 
gestion  of  these  organs,  in  which  the  blood-serum  transudes  to  walls  of  the  renal 
capillaries  and  is  discharged  with  the  urine.  When  persistent,  it  is  probably  always 
the  result  of  continued  loss  or  solution  of  the  blood-corpuscles,  and  produced  by  aa 
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inherent  self-regulating  property  in  the  blood,  by  which  the  normal) 
between  its  constituent  elements  is  sought  to  be  re-established.  

In  acute  renal  dropsy  the  point  de  depart  in  the  blood-changes  would  appear  to  be 
loss  of  albumen ;  but  in  the  chronic  form  of  the  disease  attended  with  uraemia,  the 
starting-point  probably  is  solution  of  the  corpuscles. 

The  loss  of  albumen  experienced  by  the  blood  in  Bright's  disease  would  appear  to 
be  inversely  proportioned  to  the  quantity  which  appears  in  the  urine,  and  probably 
in  the  dropsical  effusion. 

The  quantity  of  fibrine  in  the  blood  is  regulated  in  great  part  by  that  of  the  cor- 
puscles, not  by  "  adjustment,"  but  in  virtue  of  the  causal  relation  subsisting  between 
the  disintegration  of  the  one  and  the  production  of  the  other. 

Diminution  by  removal,  therefore,  of  the  quantity  of  globules  in  the  blood  will  not 
necessarily  cause  elimination  of  the  fibrine,  because  it  involves  diminished  production 
of  the  latter ;  but  the  converse  of  the  proposition  will  not  hold,  as  diminished  pro- 
portion of  fibrine,  by  whatever  cause  produced,  may  give  rise  to  elimination  of  the 
blood-corpuscles  in  the  form  of  haemorrhage. 


On  certain  Pathological  Characters  of  the  Blood  Corpuscles. 
By  J.  P.  Hennessy. 
The  author  stated  the  results  of  his  microscopical  observations  on  healthy  blood, 
and  on  inflamed  blood.  The  result  to  which  he  directed  particular  attention  was, 
that  in  inflamed  blood  the  corpuscles  were  smaller  and  darker  than  in  healthy  blood. 
In  corroboration  of  his  views,  be  quoted  the  remarks  of  M.  Donne,  of  Mr.  Wharton 
Jones,  Mr.  Gulliver,  and  many  others.  Upon  this  change  of  size  Mr.  Hennessy 
founded  a  theory  of  inflammation ;  the  increase  of  temperature,  the  occurrence  of  the 
buffy  coat  and  the  other  phenomena  being  satisfactorily  explained. 

Dr.  Lankb8tbr  laid  on  the  table  a  number  of  the  Tables  issued  by  the  Com- 
mittee for  the  Registration  of  Periodic  Phenomena.  These  Tables  were  filled  up, 
but  he  complained  that  every  year  persons  took  the  tables,  promising  to  fill  them  in, 
but  failed  to  send  them  to  the  Committee. 


On  the  Alternation  of  Generations  and  Parthenogenesis  in  Plants  and 
Animals.    By  £.  Lankbster,  M.D.,  F.R.S. 

The  author,  after  alluding  to  the  phenomena  of  "Alternation"  as  described  by 
Steenstrup  in  the  Entozoa,  Medusae,  and  Sertularian  polyps,  and  to  the  phenomena 
of  Parthenogenesis,  described  by  Owen  and  Von  Siebold,  concluded  his  paper  as 
follows : — "  If  we  turn  now  to  the  vegetable  kingdom,  we  find  perfectly  analogous 
phenomena  presenting  themselves.  In  fact,  the  modifications  of  the  reproductive 
function,  which  have  recently  excited  bo  much  surprise  in  the  animal  kingdom,  are 
the  normal  forms  of  the  function  among  plants.  In  the  roots  and  branches  of  a  tree 
we  have  a  gigantic  '  nurse,'  and  the  buds  are  its  progeny.  Just  as  we  find  the  same 
secondary  products  called  '  gemmae/  in  animals  either  remaining  adherent  to  their 
parent-stocks,  as  in  the  Sertularian  and  other  zoophytes,  or  floating  off,  as  in  Hydra 
and  many  others,  so  we  find  the  buds  of  plants  remaining  attached  to  the  tree,  or 
becoming  separated  from  it.  Just,  too,  as  we  find  a  different  form  assumed  by  the 
secondary  offspring  of  the  '  nurse,'  as  in  the  scolex-head  of  the  cystic- worm,  so  we 
find  in  such  cases  as  those  presented  by  the  'bulbillus/  the  'bulb,'  and  the  'sporule,' 
different  forms  assumed  by  parts  having  the  same  relations  in  the  plant  as  in  the  animal. 
So  likewise  in  the  plant  we  find  a  greater  change  of  the  secondary  offspring  taking 
place,  when  sexes  are  developed  and  flowers  are  produced,  and  the  hermaphrodite 
flower,  with  its  stamens  and  pistils,  is  the  representative  of  the  segments  (proglottides) 
of  the  tape- worm,  with  its  male  and  female  apparatus  in  a  common  envelope.  We 
may  go  yet  further  with  our  analogies  in  the  vegetable  kingdom.  Here  also  we  have 
numerous  cases  in  which  the  germ-cell,  the  ovule,  is  produced,  and  developes  within 
itself  an  embryo,  quite  independent  of  the  influence  of  the  sperm-cell,  the  pollen." 
The  paper  was  illustrated  by  the  following  diagram : — 
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On  the  Flaw  of  the  Lacteal  Fluid  in  the  Mesentery  of  the  Mouse* 
By  Joseph  Lister,  F.R.C.S.B. 
.  The  objects  of  the  experiments  were  twofold— 1st,  to  ascertain  the  character  of 
the  flow  of  the  chyle  under  ordinary  circumstances,  which  he  believed  had  never  yet 
been  satisfactorily  done ;  and  2ndfy,  to  endeavour  to  throw  some  light  upon  the 
'debated  question,  whether  or  not  the  lacteals  were  capable  of  absorbing  solid  matter 
in  the  form  of  granules  visible  to  the  human  eye.  In  the  first  set  of  experiments,  1 
mouse  having  been  put  under  the  influence  of  chloroform  an  hour  or  two  after  par- 
taking of  a  full  meal  of  bread  and  milk,  the  abdomen  was  laid  open  by  a  longitudinal 
median  incision,  and  a  fold  of  intestine  drawn  out  gently  so  that  it  might  lie  on  a 
plate  of  glass  under  the  microscope,  the  exposed  part  being  occasionally  moistened 
with  water  of  the  temperature  of  100?  F.  Under  these  circumstances,  the  lacteals 
were  very  readily  visible  as  beautiful  transparent  beaded  cords ;  the  beads  corre- 
sponding to  the  situations  of  the  valves,  which  were  seen  to  be  standing  open,  while 
cnyle-corpuscles  moved  on  through  the  tubes  with  perfectly  equable  flow ;  as  a  rale 
equal  to  about  a  quarter  of  that  at  which  the  blood  moves  through  the  capillaries. 
These  observations  were  frequently  repeated,  and  always  with  the  same  result. 
Hence  it  was  clear  that  the  lacteals,  though  known  to  be  muscular,  and  richly  pro- 
vided with  valves,  do  not,  in  the  mesentery  at  least,  promote  the  flow  of  the  chyle  by 
contraction,  rhythmical  or  otherwise;  and  that  the  source  of  the  movement  of  the 
fluid  is  some  cause  in  constant  and  steady  operation.  It  was  further  observed  last 
the  chyle-corpuscles  were,  many  of  them,  already  of  full  size,  although  at  so  short 
a  distance  from  the  scene  of  absorption,  proving  the  rapidity  with  which  those 
corpuscles  are  elaborated. 

The  other  set  of  experiments  were  performed  in  the  same  way,  except  that  some 
coloured  material,  generally  indigo,  was  mixed  with  the  bread  and  milk.  The  ani- 
mals took  the  mixture  readily,  and  it  passed  freely  along  the  intestines,  but  no  Indigo 
particles  were  ever  seen  in  the  chyle,  although,  had  it  been  absorbed  in  the  solid 
form,  it  would  have  been  detected  with  the  utmost  facility  within  the  lacteals.  It 
might  be  supposed  that  the  colouring  matter  had  acted  as  a  poison,  and  paralysed 
the  function  of  absorption ;  but  there  was  no  appearance  of  this,  the  chyle  flowing 
just  as  rapidly  as  when  the  mice  were  fed  with  simple  bread  and  milk.  These  fads, 
though  not  perhaps  absolutely  conclusive,  seemed  to  throw  great  doubt  on  the  pos- 
sibility of  absorption  of  solid  matter  by  the  lacteals. 
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On  the  Importance  of  introducing  a  New  and  Uniform  Standard  of  Micro- 
metric  Measurement.  By  Professor  Lyons. 
Hie  author  alluded  to  the  great  difficulties  experienced  by  observers  in  enumerating, 
recording,  and  remembering  the  various  kinds  of  measures  npw  in  use  in  these  coun- 
tries and  on  the  Continent,  portions  of  the  English  and  French  inch  and  line,  and 
decimal  parts  of  the  French  millimetre.  The  high  figure  in  the  denominator  and  the 
number  of  decimal  places  are  exceedingly  cumbrous.  He  (Dr.  Lyons)  would  pro- 
pose that  some  definite  micrometric  integer  Bhould  be  assumed,  being  a  determinate 
part  of  unity.  He  proposed  that  this  measure  should  be  denominated  a  Microline. 
He  did  not  mean  definitely  to  bind  himself  to  the  adoption  of  any  particular  standard, 
but  would  propose  provisionally  that  the  one  ten -thousandth  part  of  the  English  inch 
should  be  assumed  and  denominated  the  standard  Microline  pro  tern.  The  size  of 
microscopic  objects  could  thus  be  recorded  simply,  by  saying  they  were  one,  two, 
three,  or  more  Microlines  in  diameter.  He  would  have  his  hearers  bear  in  mind  the 
present  tendency  of  scientific  men  towards  a  decimal  system.  For  his  own  part,  he 
would  prefer  to  assume  as  the  standard  Microline,  some  minute  subdivision  of  the 
French  decimal  scale. 

Professor  Lyons  exhibited  an  instrument  for  the  local  application  of  chloroform, 
the  invention  of  Dr.  Hardy  of  Dublin,  which  for  simplicity  and  effectiveness  he 
thought  contrasted  very  favourably  with  any  similar  instrument  he  had  yet  seen. 

On  the  Valvular  Apparatus  connected  with  the  Vascular  System  of  certain 
Abdominal  Viscera.    By  Robert  M'Donnell,  M.D. 

A  series  of  drawings  were  exhibited,  showing  the  anatomical  structure  and  arrange- 
ment of  the  valves  situated  at  or  near  the  point  where  the  renal  veins  open  into  the 
vena  cava  ascendens  in  various  animals  as  well  as  man. 

The  author  having  spoken  also  of  the  beautiful  valvular  structures  which  in  the 
lower  animals  are  so  constantly  found  guarding,  more  or  less,  completely  the  mouths 
of  the  hepatic  veins,  detailed  some  experiments  performed  by  him,  which  seem  to 
show  not  only  an  anatomical  but  physical  grounds  that  these  valves  cannot  act 
otherwise  than  in  preventing,  or  at  least  checking  any  regurgitation  of  venous  blood 
into  the  vessels  thus  guarded :  on  these  grounds  he  was  opposed  to  the  so-called 
"  Hepatico -renal"  circulation. 

Dr.  Millinokn  introduced  to  the  Section  a  method  he  had  adopted  of  preserving 
the  vaccine  virus  in  glycerine.  ■ 

On  the  Connexion  between  Atmospheric  Vicissitudes  and  Epidemic  Diseases. 

By  Dr.  Poznanski. 

The  author  exhibited  an  instrument  for  measuring  the  force  and  number  of  the 
pulsations  of  the  arteries.  .  ____ 

Note  on  Electric  Fishes. 
By  Sir  J.  Richardson,  C.B.,  M.D^  LLJ)^  FJLS. 

The  author  stated  that  there  were  not  less  than  eleven  genera  of  fishes  known 
that  had  the  power  of  giving  electric  shocks.  There  was  one  peculiarity  in  all  these 
fishes,  and  that  was  the  absence  of  scales.  In  every  one  of  them  an  apparatus  had 
been  discovered  which  consisted  of  a  series  of  galvanic  cells  put  in  action  by  a 
powerful  system  of  nerves.  He  read  extracts  from  a  letter  from  Dr.  Baikie,  now 
engaged  in  exploring  the  Niger,  in  which  that  gentleman  stated  he  had  met  with 
an  electric  fish  in  Fernando  Po,  and  which  he  believed  was  identical  with  the 
Mahpterunu,  which  had  been  described  by  Dr.  Wilson,  from  the  coast  of  Old  Cala- 
bar,   The  natives  called  this  fish  the  Tremble-fish. 

On  the  Employment  of  the  Living  Electric  Fishes  as  Medical  Shack- 
Machines.    By  Professor  G.  Wilson. 
The  author  stated,  that  in  prosecuting  researches  into  the  early  history  of  the 
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electric  machine,  he  did  not  contemplate  going  farther  back  than  the 
century,  or  commencing  with  any  earlier  instrument  than  Otto  Gnericke's  sulphur 
globe  of  1670.  His  attention,  however,  had  been  incidentally  directed  to  the  employ- 
ment of  the  living  torpedo  as  a  remedial  agent  by  the  ancient  Greek  and  Roma 
physicians,  and  he  now  felt  satisfied  that  a  living  electric  fish  was  alike  the  earliest 
and  the  most  familiar  electric  instrument  employed  by  mankind.     In  proof  of  the 
antiquity  of  the  practice,  he  adduced  the  testimony  of  Galen,  Dioscorides,  Seribonias, 
and  Asclepiades,  whose  works  proved  that  the  shock  of  the  torpedo  had  been  used 
as  a  remedy  in  paralytic  and  neuralgic  affections  before  the  Christian  era.    A  still 
higher  antiquity  had  been  conjecturally  claimed  for  the  electric  Silurus,  or  Mala- 
pterurus  of  the  Nile,  on  the  supposition  that  its  Arabic  name,  raad,  signifies  thunder- 
fish,  and  implies  a  very  ancient  recognition  of  the  identity  in  nature  of  the  shock- 
giving  power  and  the  lightning  force  ;  but  the  best  Arabic  scholars  have  pointed  out 
that  the  words  for  thunder  (raad)  and  for  the  electric  fish  (raa'dit)  are  different,  and 
that  the  latter  signifies  the  "  causer  of  trembling"  or  "  convulser" ;  so  that  there 
are  no  grounds  for  imputing  to  the  ancient  Egyptians,  or  even  to  the  Arabs,  the 
identification  of  Silurus-power  with  the  electric  force.     In  proof  of  the  generality  of 
the  practice  of  employing  the  living  zoo-electric  machine  at  the  present  day,  the 
author  referred  to  the  remedial  application  of  the  torpedo  by  the  Abyssinian*,  to 
that  of  the  Gymnotus  by  the  South  American  Indians,  and  to  that  of  the  recently- 
discovered  electric  fish  (Malapterurus  Beninensis)  by  the  dwellers  on  the  Old  Calabar 
River,  which,  strictly  speaking,  flows  into  the  Bight  of  Biafra,  but  by  a  looser  geo- 
graphical interpretation  is  held  to  enter  the  Bight  of  Benin.     The  native  Calabar 
women  are  in  the  practice  of  keeping  one  or  more  of  the  fishes  in  a  basin  of  water, 
and  bathing  their  children  in  it  daily,  with  a  view  to  strengthen  them  by  the  shocks 
which  they  receive.    These  shocks  are  certainly  powerful,  for  living  specimens  of  the 
Calabar  fish  are  at  present  in  Edinburgh,  and  a  single  one  gives  a  shock  to  the  hand 
reaching  to  the  elbow  or  even  to  the  shoulder.    The  usages  referred  to  appear  to 
have  prevailed  among  the  nations  following  them  from  time  immemorial,  so  that 
they  furnish  proof  of  the  antiquity  as  well  as  of  the  generality  of  the  practice  under 
notice. 

The  author  concluded  by  directing  the  attention  of  naturalists  to  the  probability 
of  additional  kinds  of  electrical  fish  being  discovered,  and  to  the  importance  of 
ascertaining  what  the  views  of  the  natives  familiar  with  them  are  in  reference  to  the 
source  of  their  power  and  to  their  therapeutic  employment. 


Miscellaneous. 


On  the  Functions  of  the  Human  Ear.    By  Professor  H.  Carlile,  MJ). 

Dr.  Carlile  made  some  observations  on  the  manner  in  which  sounds  are  reflected 
by  the  auricle  and  external  meatus  of  the  human  ear,  and  so  caused  to  fall  on  the 
membrana  tympani.  He  showed  that  after  reflexion  from  the  surface  of  the  concha, 
and  from  a  cavity  formed  by  the  inner  surface  of  the  tragus,  they  are  received  upon 
a  third  concave  surface,  or  reflector,  situated  at  the  upper  and  back  part  of  the  tube, 
where  the  cartilaginous  joins  the  osseous  portion  of  the  meatus,  whence  they  are 
transmitted,  some  directly  to  the  surface  of  the  membrana  tympani,  falling  upon  it 
obliquely,  and  others  to  the  outer  and  lower  part  of  the  tube,  reflected  from  which 
they  fall  on  the  membrana  tympani  nearly  at  right  angles.  The  first  three  reflecting 
surfaces  are  the  chief  seats  of  the  sebaceous  glands,  those  appertaining  to  the  second 
and  third  surfaces  secreting  the  substance  called  the  cerumen,  or  wax,  of  the  ear, 
distinguished  by  its  yellow  colour  and  bitterness.  This  bitter  secretion  is  very  pro- 
bably, as  it  is  generally  described,  a  preventive  of  the  ingress  of  insects,  as  these  are 
not  found  to  enter  the  tube  of  the  ear  even  when  persons  sleep  upon  the  ground  in 
places  swarming  with  insects,  such  as  earwigs,  &c. ;  but  it  is  very  likely  that  these 
sebaceous  secretions  also  serve  the  purpose  of  a  varnish,  which,  being  spread  over 
the  reflecting  surfaces,  produces  a  smoothness,  and  a  regularity  of  curve,  favourable 
to  the  transmission  by  reflexion  of  the  pulses  of  sound  in  their  passage  to  the  mem- 
brana tympani.    It  is  highly  probable  that  slight  deafnesses,  such  as  are  occasion- 
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ally  the  result  of  exposure  to  cold,  are  produced  by  trifling  alterations  in  the  quantity 
or  quality  of  this  secretion,  which,  when  very  abundant,  is  known  to  cause  nearly 
complete  incapacity  of  hearing,  until  the  accumulation  be  removed.  In  this  respect 
the  ear  seems  to  possess  an  analogy  with  the  other  organs  of  sense,  the  skin,  the 
tongue,  the  nose,  and  the  eye,  in  all  of  which  the  normal  condition  of  the  surface 
secretions  is  necessary  for  the  due  performance  of  the  specific  function  of  the  organ. 
Dr.  Carlile  also  called  attention  to  the  form  of  the  external  ear  in  some  species  of  the 
Vespertilionidce,  more  especially  in  the  Plecotua  auritus.  In  this  animal  the  external 
ear  consists  of  a  large  posterior  auricle,  almost  as  long  as  the  body  of  the  creature, 
and  a  small  anterior  auricle,  nearly  symmetrical  with  the  larger,  the  tube  of  the  ear 
opening  at  the  lower  part  of  these  appendages,  in  front  of  the  larger,  and  behind  the 
smaller.  The  smaller  auricle  is  generally  regarded  as  an  operculum,  which  prevents 
the  entrance,  into  the  tube  of  the  ear,  of  the  air,  when  the  animal  flies  with  rapidity 
in  pursuit  of  its  prey  or  against  the  wind ;  but  more  probably,  like  the  tragus,  its 
homologue  in  the  human  ear,  it  serves  as  a  reflector,  receiving  on  its  back  or  inner 
surface  many  rays  of  sound,  sent  by  reflexion  from  the  front  or  hollow  surface  of 
the  larger  auricle,  and  reflecting  them  again  to  the  same  surface,  whence  they  are 
transmitted,  either  by  one  reflexion  or  by  several,  between  the  opposed  surfaces  of 
the  large  and  small  auricles,  to  the  tube  of  the  ear,  in  order  to  reach  the  membrana 
tympani.  Were  it  not  for  this  provision,  many  rays  of  sound,  after  a  first  reflexion 
from  the  surface  of  the  larger  auricle,  would  pass  into  the  air,  and  be  altogether  lost. 
The  large  size  of  the  cochlea  in  some  Vespertilionidae,  found  in  connexion  with  the 
great  expansion  of  the  auricle,  would  seem  adverse  to  the  opinion  that  the  cochlea  is 
the  portion  of  the  internal  ear  specially  adapted  to  receive  sounds  conveyed  by  con- 
duction through  the  solid  parts  of  the  dead,  the  great  reflecting  power  of  the  auricles 
being  one  of  the  distinguishing  characteristics  of  the  organ. 


A  "  Register  of  Periodical  Phenomena  at  South  Lincolnshire,"  and  "  Register  of 
Periodical  Phenomena  at  Llangefelach,  Glamorganshire,"  were  presented. 


•  GEOGRAPHY  AND  ETHNOLOGY. 

On  the  Ethnological  and  Physical  Characters  of  the  Negro  variety  of  man' 
hind.    By  Antoine  D' Abb  a  die,  Correspondent  of  the  French  Institute. 

The  following  statements  were  founded  chiefly  on  the  author's  own  observations 
collected  during  a  ten  years'  stay  in  Eastern  Ethiopia. 

The  settlement  of  the  negroes  in  Africa  was  effected  by  a  stream  of  immigration 
flowing  from  east  to  west.  The  negro  tribes  who  live  now  in  the  most  easterly  parts 
have  the  largest  facial  angle,  the  greatest  amount  of  intelligence,  and  can  be  referred, 
by  slow  and  almost  imperceptible  gradations  of  form  and  colour,  to  the  red  races  of 
Ethiopia,  which  all  authors  have  until  now  agreed  in  referring  to  the  Caucasian 
stock.  From  his  total  inability  to  decide  whether  several  individuals  of  the 
Doggo,  Barya,  and  Nara  tribes  belonged  to  red  or  to  negro  origin,  he  has  been  forced 
to  conclude  that  all  future  controversies  on  the  creation  of  negro  varieties  of  man- 
kind must  take  into  account  the  fact  of  a  gradual  formation  of  the  black  variety,  or 
at  least  must  explain,  in  the  uncalled-for  hypothesis  of  a  separate  negro  creation, 
how  tribes  living  in  continual  war  with  their  neighbours,  have  amongst  themselves, 
and  spontaneously  as  it  would  seem,  several  individuals  who  must  be  referred  to  a 
variety  alike  alien  to  the  majority  of  their  relations  and  to  that  of  their  fellow- 
countrymen. 

The  author  proceeded  to  quote  several  facts  drawn  from  tribes  living  at  opposite 
extremities  of  Ethiopia  and  separated  by  an  extent  of  country  equal  to  the  breadth 
of  France.  It  is  inferred  from  these  facts,  that  in  tropical  Africa  the  skin  of  man 
is  blackened  when  the  chief  food  is  not  animal,  but  vegetable.  Numerous  direct 
observations  prove  that  the  air  of  Ethiopia  differs  from  that  of  Europe  by  some  very 
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remarkable  properties  which  may  have  likewise  a  ^^J^^^j£ 
blackening  the  human  skin.    Finally,  the  traveller  quoted  several  cases  ***** 
skin  was  notoriously  blackened,  with  or  without  apparent  nta4»ntt  ""*£jj_ 
son  living  in  the  very  peculiar  Ethiopian  climate.      This  latter  fact  is  generally 
believed  and  asserted  by  the  Ethiopians  themselves. 

On  the  Anomalous  Period  of  the  Rising  of  ike  Niger. 
By  Henry  Babth,  LLJ). 

The  Human  Hand,  an  Index  of  Mental  Development. 
By  Richard  Beamish,  F.R.S. 

The  author  first  alludes  to  the  labours  of  Lavater,  Gall,  Sir  Charles  Be^  Earl 
Gustav  Cams,  and  others,  who  have  sought  to  demonstrate  the  value  i^ipW- 
ical  system,  dwelling  more  at  length  on  those  of  Georg  Meissner,  as  fa"**"*** 
his  '  Anatomie  und  Physiologie  der  Haut,'  the  fullest  demonstration  of  the  nerve 
of  touch  as  contradistinguished  from  that  of  feeling ;  and  of  D  ^rpw^.  «■«■": 
in*,  in  his  '  Chirognomie  ou  Tart  de  reconnaitre  les  Tendances  de  la  Main,  tbettrst 
definite  and  practical  illustrations  of  the  value  of  the  hand  m  ecological  m™** 

The  author  then  proceeds  to  consider  the  several  portions  of  the  hand— tne  pam 
as  indicative  of  temperament ;  the  development  of  the  thumb  as  significant  of  power ; 
and  the  form  of  the  fingers  as  expressive  of  social  and  intellectual  character  *™*~ 
ence  being  made  to  numerous  tracings  of  the  hands  of  individuals  of  WW 
nations,  whereby  the  great  importance  of  the  study  of  the  hand  by  the  etnnoiogiK 
was  inferred.  .  .  .  mMinMmk 

The  necessity  for  a  more  extended  knowledge  of  the  religious  and  *^  J^™**. 
Of  nations  was  strongly  urged,  and  the  effects  of  ignorance  in  this  department « 
science  illustrated  by  reference  to  our  systems  of  government  both  at  home  ana 
abroad,  in  Ireland,  and  in  India,  where  the  nationalities  of  the  people  had  been 
equally  disregarded,  and  as  a  consequence,  equally  productive  of  results  not  only 
disappointing,  but  disastrous.  . 

On  the  Physical  Characters  of  the  Ancient  and  Modern  Germans. 
By  John  Beddoe,  M.D. 

All  accounts  of  the  physical  character  of  the  ancient  Germans  agree  in  representing 
them  as  a  very  light-complexioned  people,  having  hair  redder  or  yellower  than  Out 
of  the  Gauls,  themselves  considered  as  fair  by  the  Italians.  Niebuhr,  Bunsen  and 
Prichard,  however,  agree  in  thinking  that  their  descendants,  as  a  rule,  do  not  ****** 
to  these  descriptions,  and  have  to  a  great  extent  ceased  to  be  the  xanthous  race  they 
were  in  the  time  of  Tacitus.  I  am  disposed,  however,  to  doubt  whether  the  differ- 
ences  in  complexion  between  the  Italians  and  the  most  pure-blooded  Germans  were 
any  more  marked  in  that  age  than  they  are  at  present.  There  are  reasons  for  not 
taking  too  literally  Tacitus'  statements  as  to  the  remarkable  uniformity  of  complexion 
in  the  ancient  Germans :  £av06s  a.ndjlavus,  as  applied  to  the  colour  of  hair,  probably 
meant  chestnut  or  light  brown  rather  than  bright  yellow ;  wppbr,  which  means 
literally  "  flame-coloured/'  and  rutilwt,  an  epithet  often  applied  to  gold,  may  have 
included  bright  yellow  as  well  as  what  we  call  red.  The  use  of  soap  as  a  cosmetic  by 
both  Gauls  and  Germans  had  probably  a  great  effect  on  the  colour  of  the  hair.  Ob- 
serve the  light  hue  of  the  locks  of  Venetian  ladies  in  the  portraits  of  the  16th  century, 
though  their  eyes,  and  the  eyes  and  hair  of  their  spouses,  are  represented  as  dark. 
This  light  colour  is  known  to  have  been  produced  by  the  use  of  an  alkaline  ley. 

Id  order  to  ascertain  with  accuracy  some  of  the  physical  characters  of  the  modern 
Germans,  I  have  made  observations  in  most  parts  of  their  country,  and  have  noted 
the  colour  of  the  hair  and  eyes — in  Holland,  in  1 133  individuals ;  in  Belgium,  in  4023; 
in  North- Western  Germany,  in  2545  ;  in  Prussia,  Saxony,  &c,  in  1320 ;  at  Vienna, 
in  1807  ;  and  in  other  parts  of  Austria,  in  1659 :  I  have  seen  but  very  few  natives 
of  Swabia  and  Bavaria,  and  not  many  Swiss. 
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The  general  result  of  these  investigations  is,  that  hair  of  a  very  strongly  red  hue 
ia  in  scarcely  any  of  the  districts  I  have  visited  so  common  as  it  Is  in  many  parts  of 
Scotland,  and  even  of  Ireland.  The  exceptions  to  this  statement  are  two  somewhat 
remarkable  ones :  the  first  is  that  of  the  peasantry  about  Cologne  and  Dusseldorf, 
whose  ancestors,  whether  Sicambri  or  other  Franks,  may  have  had  much  to  do  with 
originating  in  the  minds  of  their  near  neighbours,  the  Roman  colonists,  ideas  relative 
to  the  German  complexion  and  physiognomy.  The  other  is  that  of  the  peasantry 
to  the  west  of  Eisenach. 

Red  hair  is  decidedly  uncommon  in  Friesland,  and  somewhat  so  in  Holland  and 
Flanders ;  but  blond  hair  of  various  shades,  from  flaxen  and  light  brown  to  yellow, 
and  even  pale  golden  verging  on  red,  prevails  in  all  parts  where  the  true  Teutonic 
blood  can  well  be  supposed  pure,  including.all  that  country  between  the  Rhine  and 
Elbe  which  is  considered  by  Dr.  Latham  to  be  the  homeland  of  the  race.  The  same 
may  be  said  of  several  districts  in  which  we  have  reason  to  know  that  the  Germans 
established  numerous  colonies.  The  proportion  of  light  to  dark  eyes  varies  consider- 
ably :  it  is  very  large  in  Groningen,  and  small  in  Flanders,  where,  as  in  most  parts 
of  Germany,  and  in  some  of  the  Saxon  districts  of  Britain,  the  combination  of  hazel 
or  brown  eyes  with  light  hair  is  common.  1  found  the  Frisians  a  remarkably  comely 
people,  tall  and  well-made,  with  oval  crania  and  faces,  regular  features,  and  noses 
of  good  length,  straight  or  very  slightly  arched  :  the  eyes  are  generally  light  blue  or 
light  grey  and  well-opened ;  the  hair  is,  I  think,  much  more  often  flaxen  or  light 
brown  than  strongly  yellow.  The  Westphalian  Saxons  seemed  to  me  shorter  in 
stature  ;  with  heads  shorter,  though  still  oval,  and  faces  broader  and  heavier,  and 
hair  more  often  inclined  to  red.  Beyond  the  Elbe  and  Saale,  where  Slavish  blood 
assuredly  predominates  over  German,  the  prevailing  type  changes  accordingly ;  dark 
and  even  black  hair  become  common  ;  the  head  is  often  of  the  Slavonic  form,  short 
and  broad,  especially  behind  the  ears,  and  flattened  at  the  back.  The  Upper  Au- 
strians  look  like  true  Germans,  but  I  have  seen  natives  of  the  Alpine  valleys  who  had 
narrow  square  foreheads,  prominent  supra- orbital  ridges,  dark  grey  eyes  and  black- 
ish hair,  and  who  altogether  so  much  resembled  one  of  the  common  Irish  typea  as 
to  call  to  mind  the  ancient  Celts  of  Noricum.  The  Lower  Austrians,  whatever  else 
they  may  be,  have  not  the  form  or  complexion  of  Germans.  Their  heads  sometimes 
present  the  Slavish,  sometimes  even  the  Turanian  (Avar  ?)  type ;  and  they  are 
generally  dark-haired.  The  Styrians  are  a  mixed  people,  and  apparently  in  part 
Celtic.  In  the  Thuringerwald,  at  Ruhla,  near  Eisenach,  and  not  far  from  the  rair- 
haired  Hessians,  I  found  a  peculiar  people  of  very  dark  complexion.  The  domain 
of  the  German  type  extends  thence  across  the  Rhine ;  but  on  entering  the  Walloon 
country,  which  surrounds  Liege,  a  remarkable  change  is  observable :  the  people  are 
distinguishable  from  their  Teutonic  neighbours  by  dark,  often  black  hair,  gaunt 
angular  forms,  square  foreheads  and  narrow  pointed  chins ;  in  fact,  they  have  the 
characters  assigned  by  W.  F.  Edwards  to  the  Cimbrian  race*. 

In  many  cities,  as  will  be  observed  in  the  following  Table,  which  exhibit  in  a  form  , 
suitable  for  comparison  some  of  my  data  for  the  colours  of  eyes  and  hair,  the  popu-  l 
lation  is  darker  than  in  the  surrounding  rural  districts.  It  might  be  wrong  to  con- 
clude from  these  facts  that  a  city  life,  continued  generation  after  generation,  exercises 
a  modifying  influence  on  the  colours :  for  this  difference  is  not  universal  even  in 
Germany  ;  it  is  greatest  in  Cologne,  a  Roman  colony.  The  Germans  being  fairer 
than  almost  any  other  people,  foreign  immigration  almost  necessarily  implies  dark- 
ening, and  such  immigration  takes  place  into  cities  almost  exclusively.  Lastly,  I 
have  found  that  at  Liege,  and  in  some  parts  of  Italy,  where  the  foreign  elemeqt  is 
likely  to  have  been  xanthous,  the  peasantry  are  darker  than  the  urban  population. 
On  the  whole,  I  conclude  that  the  Germans  were  in  the  time  of  the  Romans  a 
people  fairer  than  the  Gauls,  and  very  strikingly  fairer  than  the  Romans  and  other 
southern  Europeans ;  that  their  hair,  however,  was  probably  often  light  brown  or 
flaxen,  and  not  always  red  or  even  yellow ;  and  that  this  description  applies  at  the 
present  day  to  such  of  their  descendants  as  are  likely  to  have  preserved  their  blood 
tolerably  pure. 

•  Sur  let  caractere*  phytjologique*  de  Is  race  humaine. 

7b  We 
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Ethnological  and  Antiquarian  Researches  in  Neto  Granada,  Quito  and  Peru, 
with  Observations  on  the  Pre-Incareal,  Incareal,  and  the  Monuments  of 
neighbouring  Nations  in  Peru.  By  W.  Bollaert,  F.R.G.S.,  Corre- 
sponding Member  of  the  University  of  Chile,  SfC. 

The  author  says,  when  passing  through  the  West  Indies,  that  one  looks  in  vain  for 
even  a  specimen  of  the  aboriginal  inhabitant  of  the  Antilles,  once  so  populous ;  one 
only  sees  a  few  whites,  the  population  being  principally  negroes,  and  the  numberless 
mixtures  of  white  and  black,  but  the  natives  have  long  since  been  exterminated  by 
the  ruthless  Spanish  invader. 

The  coast  of  New  Granada  was  visited,  the  tropical  vegetation  of  which  is  wonder- 
ful, and  where  the  "  Victoria  Regia"  was  found  in  some  places  in  such  abundance 
in  the  rivers  as  to  be  a  troublesome  weed.  A  few  scattered  remnants  of  Indian 
tribes  are  met  with  on  the  coast,  but  in  the  interior  they  are  more  numerous. 

The  principal  Indian  nation  of  New  Granada  is  generally  called  Muysea :  this 
word  means  a  man,  but  Chibeha  is  the  proper  term  for  the  nation. 

Some  modern  writers  state  that  Quetzalcoatl,  the  legislator  of  Mexico,  Bochiea 
of  Bogota,  and  Maneo  Capae,  were  Buddhist  priests  ;  the  result  of  Mr.  Bollaert's 
inquiries  in  those  countries,  leads  him  to  set  such  down  as  mere  ideas,  and  to  have 
no  foundation  whatever. 

The  author  crossed  the  Isthmus  and  saw  some  of  the  Darien  Indians  at  Panama, 
rather  fine-looking  people ;  they  went  about  almost  naked,  and  the  general  impression 
is  that  the  white  man  is  not  safe  in  their  wilds.  There  is  now  a  railroad  across  the 
Isthmus.  The  scheme  of  a  ship  canal  for  the  present  is  abandoned  ;  most  things 
are  possible,  but  a  ship  canal  through  the  Isthmus  is  very  improbable. 

The  population  of  New  Granada  is  2,363,000,  composed  of  Whites,  Cuarterones, 
Mestyes,  Indians,  civilized  and  savage.  Mulattos,  Zambos,  and  Negroes. 

The  author  expresses  surprise  that  monuments  of  more  ancient  nations  than  those 
conquered  by  the  Spaniards  have  not  been  discovered  in  this  country  and  in  the 
same  abundance  as  have  been  found  in  Mexico,  Yucatan,  and  Cheapos,  and  adds, 
perhaps  the  dense  tropical  forests  cover  such  remains,  and  are  awaiting  the  foot- 
steps of  the  antiquarian  explorer. 

The  Chibehas  (Muyseas)  had  a  species  of  calander,  and  had  necessarily  advanced 
in  a  peculiar  species  of  civilization,  but  then  there  is  but  little  left  to  throw  any  light 
on  their  architecture.  They  buried  in  tombs,  with  various  precious  ornaments,  in- 
cluding objects  in  gold  and  emeralds.  Their  places  of  adoration  were  lakes  and  rivers, 
into  which  were  thrown  their  offerings. 

Scattered  about  the  country  stone  ruins  exist,  supposed  to  be  the  work  of  natives 
anterior  to  the  Chibehas.  Near  Lieva  is  one  of  these  spots,  and  called  "  Little  Hell; " 
and  the  "  Devil's  Cushions  "  are  stone  columns  lying  on  the  ground ;  also  a  great 
stone  table  of  sacrifice.  Caves  full  of  mummies  are  often  met  with ;  in  these  crania 
of  more  ancient  nations  than  the  Chibehas  may  be  found. 
^"^■^-QdUo  is  an  interesting  portion  of  the  New  World,  celebrated  by  being  under  the 
equator,  its  capital  being  10,000  feet  above  the  sea ;  for  the  great  elevation  of  its 
volcanic  mountains,  including  Chimbcrazo ;  and  as  having  been  the  seat  of  a  very 
ancient  civilization  long  before  it  was  conquered  by  the  Caras  or  by  the  Incas  of  Peru. 

In  earlier  times  the  country  was  governed  by  Quitus  and  conquered  by  the  Caras. 
The  Caras  had  taken  possession  of  the  coast  about  a.d.  800,  and  their  chiefs  were 
called  Seym,  or  lords  of  all.  These  Caras  may  have  separated  at  a  very  early  date 
from  the  Chimus  of  Trujello,  or  from  the  great  Chineha  family. 

The  Caras  made  their  way  to  Quito  by  the  river  Esmeraldas  about  a.d.  1000 ; 
they  adored  the  sun  and  moon,  and  were  less  barbarous  than  the  Quitus ;  they 
clothed  in  skins,  woven  cloths  of  wool  and  cotton,  and  their  year  was  regulated  by 
the  solstices ;  they  are  said  to  have  had  twelve  pillars  round  their  temple  to  the  Sun, 
which  served  as  gnomons.  Although  the  Scyris  adored  the  sun,  they  did  not,  as 
the  Peruvians,  call  themselves  "  Children  of  the  Sun."  Their  architecture  has  not 
so  far  advanced  as  the  Peruvian.  A  wreath  of  feathers  was  worn  by  all  who  bore 
arms;  the  Scyri  added  to  their  wreath  or  crown  of  feathers,  a  large  emerald. 
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Instead  of  the  Peruvian  quiper,  they  had  pieces  of  wood,  clay,  atones  of  various 
sises,  colours  and  forms,  by  which  was  expressed  principal  occurrences,  these  being 
kept  in  compartments  in  their  temples,  tombs,  and  dwellings. 

According  to  the  reading  of  the  coloured  stones,  700  years  is  given  by  some  for  the 
reigns  of  eighteen  or  nineteen  Scyris ;  other  readers  give  fifteen  Scyris  and  500  years 
up  to  the  death  of  Cacha  Duchicela,  who  was  conquered  by  Huayna  Capae,  the 
I&ruvian  Inca. 

The  eighth  Scyri  conquered  towards  the  south,  making  inroads  upon  the  Poruhas 
oYLiribamba. 

By  the  death  of  the  eleventh  Scyri,  about  a.d.  1300,  the  male  line  of  the  Scyris 
was  extinguished,  when  Toa,  his  daughter,  was  declared  the  successor;  she  married 
Duchicela,  the  eldest  son  of  Condorazo,  chief  of  the  Puruhis,  who  reigned  seventy 
years ;  was  succeeded  by  his  son  Antacbi,  the  thirteenth  Scyri,  and  died  about  a.d. 
1370.  Guallca,  his  eldest  son,  being  of  a  bad  disposition,  his  brother  Hualcopo  was 
put  in  his  place,  who  died  about  1463,  leaving  his  kingdom  to  Cacha,  the  fifteenth 
Scyri,  leaving  an  only  daughter,  Paccha,  who  succeeded  him. 

Huavna  Capae,  twelfth  Inca  of  Peru,  went  against  Quito  in  1475  ;  Cacha  was 
mortalfv  wounded,  when  his  daughter  Paccha  was  declared  the  Scyri.  Huayna 
Capae,  nowever,  made  overtures  of  marriage  to  Paccha,  who  was  then  twenty  years 
of  age,  and  by  the  law  of  Quito,  whosoever  she  married  could  reign  with  her. 
Riccna  consented,  Atahualpa  being  her  first  son.  Huayno  Capae  reigned  thirty  years 
over  Quito,  and  at  his  death  he  gave  the  kingdom  of  Quito  to  his  son  Atahualpa, 
the  empire  of  Peru  descending  to  Huasca. 

According  to  some,  the  natives  of  Quito  called  the  supreme  power  Con :  that  Pacha* 
camac  was  the  son  of  Con.  A  temple  was  built  on  the  coast  of  Peru  to  Pachacamacr 
where  he  was  worshiped  as  the  invisible  God  \  it  would  seem,  however,  that  the 
first  Inca  taught  his  people  that  the  Sun  was  the  Supreme  Power,  and  that  Con  and 
Pachacamac  were  his  offspring ;  also  that  he  the  Inca  was  a  child  of  the  Sun. 

Under  the  9th  Inca,  the  country  of  Curysmancun,  whose  capital  was  at  Pachaca* 
mac,  was  conquered  by  the  Peruvians,  when  the  Incareal  theology  was  in  danger 
from  the  purer  one  of  Pachacamac  \  however,  it  was  arranged  that  Pachacamac  should 
retain  his  temples,  and  that  others  should  be  built  to  the  Sun. 

Pern, — Mr.  Bollaert  states,  that  in  1852  he  communicated  to  the  Ethnologic*! 
Society  a  paper  on  the  Incas  and  Inchans  of  Peru,  noticing  principally  some  points 
m  early  Peruvian  history,  and  opposing  the  ideas  of  such  writers  as  Ranking,  who 
have  given  as  their  opinion,  that  the  Peruvians  had  an  Asiatic  origin  in  the  thirteenth 
century,  that  Manco  Capae  was  the  eon  of  Olengis  Khan !  and  that  the  term  lags 
comes  from  the  Mongol  word  Ungut ! !  The  author  also  noticed  that  the  dynasty 
of  the  Incas  was  rather  modern,  and  that  they  had  probably  built  some  of  their 
cities  upon  the  ruins  of  those  of  more  ancient  nations,  and  adverted  to  those  curious 
remains,  the  "  Pintados/'  or  Indian  Pictography,  observed  by  hira  in  1827  in  Tan- 
paca.  In  1853  Mr.  Bollaert  again  visited  South  America,  and  extended  his  obser* 
vations. 

Adverting  to  the  history,  &c.  of  the  aborigines  south  of  Panama,  Puna,  and  Turn* 
bez,  he  dwells  somewhat  upon  the  history  and  remains  met  with  at  Trujello,  the  land 
of  the  ancient  Chhnus.  During  the  time  of  tbe  Inca  Pachacuter,  there  reigned  ia 
this  part  of  the  country  the  chief  Chimu -Canchu :  the  Inca  Jupanqui  made  success- 
ful war  upon  this  nation,  which  had  to  abandon  tbe  worship  of  idols  and  follow  that 
of  the  Sun.  The  Chimu  ruins  are  very  extensive,  the  architecture  and  ornaments 
simple  and  elegant.  Here  then  we  have  the  ruins  of  a  nation  nearly  as  powerful  at 
that  of  the  Incas :  there  are  also  here  Incareal  remains.  The  Chimu  Huacas  or 
tombs  have  yielded,  amongst  other  things,  many  rich  ornaments  in  gold  and  silver. 
The  author  has  deposited  in  the  British  Museum,  with  other  pieces  of  pottery,  a  fine 
specimen  of  art,  a  vase  forming  the  head  of  an  Inca,  having  the  lobes  of  the  ears 
enlarged  and  known  as  an  "  Orejon*." 

*  Mr.  Farrii,  long  resident  in  this  region,  has  just  returned  with  a  fine  collection  of  antiqid. 
ties,  principally  from  Trujello. 
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The  Author  enters  into  details  of  various  collections  of  rains  in  the  north  of  Pern, 
Aot  of  Incareal  origin,  such  as  those  of  Cuelap,  Huanuco,  Patuelca,  Pachacamac,  &c. 
He  also  gives  some  particulars  of  the  tombs  of  Cafiete,  anciently  called  the  beautiful 
▼alleys  of  the  Guarcu,  which  formed  the  state  of  the  Chuqui-Mancu.  The  Chincha 
islands  take  their  name  from  the  ancient  great  Chincha  nation  of  the  coast,  and  it  is 
supposed  that  there  is  guano  only  for  ten  years  if  it  is  taken  away  in  such  quantities 
as  at  present.  At  Arica,  in  18  8.,  are  many  Huacas  or  tombs  containing  mum- 
mies, pottery,  and  various  other  curiosities.  A  cave  is  also  described  as  existing  in 
the  Mirro  or  headland  of  Arica. 

Mr.  Bollaert  was  some  time  in  the  province  of  Tarapaca,  famed  for  the  existence 
there  of  inexhaustible  quantities  of  nitrate  of  soda,  about  50,000  tons  of  which  are 
annually  exported.  A  new  mineral  of  boracic  acid  has  lately  been  met  with  there. 
The  celebrated  silver  mines  of  Huantajaya  are  in  this  province ;  copper  exists  in  large 
quantities  as  well  as  other  metals. 

On  the  arid  hills  and  mountains  of  the  province  of  Tarapaca,  Mr.  Bollaert  dis- 
covered the  "  Pintados,"  or  ancient  Indian  Pictography.  The  figures  are  of  large 
size,  produced  by  taking  away  the  loose  dark  pieces  of  stone  in  outline  from  the  sur- 
face of  the  mountain.  This  peculiar  species  of  Pictography  he  at  first  considered  to 
have  been  done  by  the  ancient  as  well  as  by  the  present  Indians  for  amusement,  but 
his  recent  researches  show  that  they  are  Huacas  or  sacred  spots,  some  of  them  being 
ancient  burial-places.  1,  called  "  Las  Rayas,"  is  laid  out  as  if  for  a  garden,  with 
a  large  double  circle  in  the  centre,  the  paths  rendered  hard  by  the  feet  of  people  i 
religious  ceremonies  may  have  been  performed  here.  2  is  composed  of  oblong 
figured.  3.  A  large  double  circle  and  oblong  figures.  4.  Irregular  designs,  figures 
of  Indians,  puma  and  llama.  5  is  the  most  interesting,  made  up  of  compart- 
ments ;  in  one  of  these  was  found  an  ancient  grave  containing  the  body  of  a  female 
in  a  dress  of  feathers.  The  "White  Horse/'  near  Old  bury  Castle  in  Wilts,  is  of 
this  sort  of  "  Pintados." 

Near  to  the  rich  copper  deposit  in  the  Andes  of  Yabricoya,  an  interesting  monu- 
ment was  fallen  in  with  in  the  Pampa  del  Leon.  Here  is  a  large  isolated  block  of 
granite  covered  with  old  Indian  sculptures.  The  centre  group  is  a  man  wrestling 
with  a  puma ;  there  are  also  figures  of  llamas,  guanacos,  circles,  serpents,  fee.  These 
figures  have  been  picked  out  by  a  pointed  instrument — say  of  hard  brass. 

Mr.  Bollaert  concludes  by  referring  to  the  many  ancient  monuments  existing  in 
Peru,  separating  the  Incareal  from  those  of  neighbouring  and  more  ancient  nations, 
assisting  at  least,  with  the  labours  of  others,  in  the  collecting  of  materials  for  the 
ancient  history  of  Peru. 

He  examined  the  coal  mines  of  Chile,  and  paid  a  second  visit  to  Arauco.  The 
Chilian  government  have  it  in  contemplation  to  colonize  that  part  of  Chile ;  some 
think  this  may  be  done  amicably,  whilst  others  foresee,  should  such  be  attempted,  a 
sanguinary  war  would  result.  Mr.  Bollaert  saw  some  of  the  Araucanos ;  they  looked 
a  superior  race,  and  as  if  they  would  resist  inroads  into  their  lovely  valleys  filled  with 
cattle  and  horses,  and  studded  with  the  magnificent  Araucaria,  yielding  them  abun- 
dance of  nuts  forming  their  bread. 


On  the  Routes  of  Communication  between  England  and  India. 
By  Major-General  Chesney,  R.A.,  D.C.L.,  F.R.S. 

The  importance  of  a  rapid  communication  with  India  is  now  an  admitted  fact  by 
the  whole  of  Europe.  In  reality  it  should  have  been  bo  considered  in  past  times,  not 
can  it  ever  be  otherwise  so  long  as  India  remains  a  dependency  of  Great  Britain. 
Since  I  had  the  honour  of  addressing  the  Section  on  this  subject  at  Belfast,  in  1868, 
the  question  of  our  communication  with  India  by  the  line  of  the  Euphrates  has  taken 
a  much  higher  position  than  it  then  occupied  in  public  attention.  But  before  going 
on  to  the  few  remarks  which  I  wish  to  make  to  you  on  this  subject,  I  should  like  to 
point  out  to  you  the  various  existing  and  proposed  lines  of  route  to  India,  in  ordex 
that  you  may  have  clearly  before  your  mind  what  it  is  that  I  am  anxious  to  aoconw 
pliBb  by  this  Euphrates  route  of  which  you  have  so  often  heard.  You  all  know  our 
long  sea  line  to  India  round  the  Cape,  as  well  as  the  existing  line  by  the  Red  Sea 
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and  Aden  to  Kurrachee  and  Calcutta.  The  line  proposed  by  Sir  Rowland  Macdoosdd 
Stevenson,  and  which  is  apparently  the  one  preferred  by  Lord  Palmerstoo,  posses 
over  the  Balkan,  the  Taurus  and  other  mountain  ranges  quite  regardless  of  engineer- 
ing difficulties.  But  if  a  direct  line  be  drawn  along  the  globe  from  London  to  Bom* 
bay  or  Kurrachee,  it  exactly  takes  in  the  route  by  the  Valley  of  the  Euphrates;  con- 
sequently this  portion  of  the  line  has  necessarily  formed  a  part  of  all  the  varioas 
projects  that  have  been  advanced  with  a  view  to  facilitating  and  shortening  our  com- 
munication with  India,  with  one  exception,  brought  to  my  notice  in  a  paper  read 
last  year  at  Cheltenham,  which  is  supposed  to  go  from  Acre  across  the  desert  to 
Bnssorah.    The  distance  by  the  two  overland  routes  are  as  follows : — 

Engiith  miles. 

From  London  to  the  entrance  of  the  Red  Sea  4  37  2  J 

From  the  entrance  of  the  Red  Sea  to  Kurrachee,  which  will,  no 
doubt,  become  the  great  port  of  India  in  place  of  Bombay  ....      1705 

Total 6087| 

London  to  the  entrance  of  the  Persian  Gulf 4271 

From  the  entrance  of  the  Persian  Gulf  to  Kurrachee 702 

Total 4973 

the  difference  in  favour  of  the  Euphrates  Valley  being  1 104£  miles.  The  great  gain, 
therefore,  is  from  the  entrance  of  the  Red  Sea  and  Persian  Gulf  onward.  From  the 
Red  Sea  to  Kurrachee  we  have  1705  English  miles ;  whilst  we  have  only  702  from 
the  head  of  the  Persian  Gulf  to  the  same  port,  or  less  than  one-half.  In  the  one 
case  we  have  the  monsoon  right  ahead  towards  Aden ;  in  the  other  it  is  nearly  abeam 
to  Ormuz — I  need  scarcely  add,  a  difficult  and  dangerous  navigation  in  the  one  case, 
and  a  perfectly  safe  one  in  the  other.  The  completion  of  the  proposed  arrangements 
would  enable  us  to  get  over  this  distance  and  carry  mails  and  passengers  from  Lon- 
don to  Kurrachee  in  thirteen  days  and  a  half,  or  less  than  half  the  time  at  present 
occupied  in  the  transit  by  the  Red  Sea ;  while,  by  laying  down  an  electric  telegraph 
line  by  this  route,  we  may,  in  eighteen  or  twenty  hours,  be  assured  of  the  welfare 
of  some  friend  or  relative  in  a  distant  part  of  India,  whose  fate  is  now  a  matter 
of  uncertainty  and  anxiety.  I  should  just  point  out  to  you  also  that  the  pro- 
posed railway  will  form  a  chain  of  communication  with  those  lines  up  the  valley 
of  the  Indus,  &c,  now  in  progress  of  completion  in  India,  and  will  thus  give 
us  as  direct  a  route  as  can  be  had  between  London  and  Lahore.  But  the  rapidity 
of  rail  and  electric  communication  forms  but  a  small  portion  of  the  benefits  which, 
in  a  political,  military,  commercial,  and  social  point  of  view,  will  result  from 
opening  up  the  Euphrates  Valley  route  to  India.  No  country  possesses  associa- 
tions of  such  deep  and  historical  interest  as  this.  We  have  here  the  first  seat 
of  mankind — the  sites  of  the  four  primaeval  cities  of  the  Bible — the  empires  of 
Cyrus  the  Great,  Cyrus  the  Younger,  and  of  the  great  follower  of  his  steps, 
Alexander,  whose  conquests  and  unparalleled  marches  of  19,020  miles  (according  to 
a  careful  calculation  which  I  have  made),  laid  the  foundation  of  that  connexion 
of  the  East  with  the  West  which  is  now  under  consideration.  The  Romans 
also  were  alive  to  the  great  importance  of  this  territory ;  for  after  the  empire 
of  Seleucus  had  passed  away,  we  read  of  the  attempt  of  Crassus  to  conquer 
the  country  53  years  B.C.,  and  of  the  expedition  of  Trajan  a.d.  106.  Julian  the 
Apostate  followed  in  the  steps  of  Trajan,  a.d.  361.  He  built  a  fleet  on  the  banks  of 
the  Euphrates,  descended  the  river,  and,  according  to  Gibbon,  encountered  there  a 
most  terrific  hurricane  at  a  spot  answering  to  the  present  El  Kaim,  above  Anah; 
and  it  is  remarkable  that  it  was  apparently  nearly  at  the  same  spot  that  the  expedi- 
tion which  I  had  the  honour  of  commanding  was  visited  by  a  similar  and  equally 
fearful  hurricane  in  May  1836.  From  the  period  of  Julian,  a.d.  363,  we  have  no 
record  of  any  great  military  expedition  io  connexion  with  Western  Asia  until  Napo- 
leon conceived  the  idea  in  1809  of  transporting  a  force  down  the  Euphrates  with  a 
view  to  the  invasion  of  India.    All  his  calculations  and  arrangements  were  made  for 
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this  end.  His  troops  were  to  have  been  transported  on  rafts,  constructed  of  timber 
cut  down  in  the  vicinity  and  on  the  banks  of  the  river  and  sea  coast.  With  a  little 
of  his  daring  we  might  do  the  same  at  this  moment,  and  with  much  greater  facility. 
There  have  been  various  proposals  at  different  times  for  opening  a  communication 
with  India  by  the  Euphrates  Valley.  That  which  took  the  most  practical  shape  was 
elaborated  by  Lieutenant  Campbell,  then  of  the  Royal  Engineers,  in  1843.  His  pro- 
posal and  map  were  in  all  essential  points  identical  with  those  more  recently  pro- 
posed by  the  great  engineer.  Sir  R.  Macdonald  Stevenson.  These  and  many  other 
subsequent  proposals,  both  French  and  English,  have  all  now  become  merged  in  the 
company  of  which  Mr.  Andrews  is  Chairman,  and  Sir  John  MacNeill,  a  man  well- 
known  among  you,  Engineer- in- Chief.  I  was  induced  last  year  to  proceed  to  Con- 
stantinople to  obtain  the  Sultan's  firman,  and  make  all  preliminary  arrangements 
for  the  proposed  line  to  India ;  and  I  afterwards  proceeded,  accompanied  by  Sir  John 
MacNeill,  C.E.,  and  two  assistant  engineers,  to  examine  carefully  the  coast  of  Asia 
Minor,  where  the  Taurus  touches  the  sea,  in  the  hope  of  finding  a  practicable  valley 
for  a  future  line  through  that  country,  and  then  proceeded  to  examine  the  coast  for 
a  good  harbour.  That  of  Alexandretta  did  not  promise  to  answer,  on  account  of  its 
mountains,  impassable  for  a  railway ;  and  the  ancient  harbour  of  Seleucia  was  also 
condemned  as  not  affording  sufficient  depth  of  water.  But  on  the  southern  side  of 
the  Bay  of  Antioch,  a  spot  was  selected  by  Sir  John  MacNeill  admirably  adapted  to 
form  a  safe  and  commodious  harbour  of  refuge.  It  will  be  capable  of  receiving 
second-rate  line-of-battle  ships,  and  will  be  as  good  as,  or  superior  to,  the  harbour 
of  Kingstown.  The  spot  chosen  is  three  miles  south  of  the  river  Orontes,  and  six 
miles  cast  of  the  old  harbour  of  Seleucia.  The  harbour  is  proposed  to  be  formed  by 
running  out  a  breakwater  on  the  south  side  of  the  small  natural  harbour,  which  is  a 
perfectly  safe  and  secure  landing-place  for  boats,  with  good  holding-ground ;  so  that 
vessels  taking  out  materials  for  the  construction  of  the  railway  could  anchor  in  safety 
off  this  landing-place.  Stone  of  the  finest  quality  abounds  close  to  the  point  where 
the  breakwater  will  abut  on  the  land,  and  can  be  quarried  also  to  any  extent  in  the 
immediate  neighbourhood.  It  is  proposed  to  construct  about  1000  feet  of  the  break- 
water in  the  first  instance,  and  to  complete  each  portion  as  the  work  advances,  so  as 
to  afford  shelter  and  landing  wharfs  within  the  first  year  or  eighteen  months,  which 
will  enable  vessels  drawing  20  feet  of  water  to  lie  in  safety  during  the  winter  months, 
if  required  to  do  so ;  and  within  six  months  from  the  commencement  of  the  work  a 
landing-place  can  be  formed,  and  perfect  shelter  for  boats,  at  an  expense  of  £20,000. 
The  harbour,  when  completed,  will  be  capable  of  giving  shelter  to  thirty  or 
thirty-five  vessels.  The  average  depth  of  water  will  be  from  20  to  40  feet.  Our 
survey  of  the  country  and  the  subsequent  trial  sections  of  the  engineers,  extended 
from  the  coast  to  within  sight  of  the  Euphrates,  taking  in  the  towns  of  Antioch  and 
Aleppo.  Beyond  the  latter,  all  engineering  difficulties  cease,  the  country  presenting 
a  hard  dry  level  surface  (called  in  Arabic  "  Ka  Jalide,"— flat  and  hard),  most  admi- 
rably adapted  for  a  railway.  And  even  between  the  Mediterranean  and  Aleppo  the 
difficulties  are  such  as  would  be  considered  small  in  this  country.  There  will  not  be 
a  single  tunnel,  and  only  two  cuttings  of  any  consequence.  Two  chain  bridges  over 
the  Orontes  will  be  necessary ;  but  neither  do  these  present  any  obstacle  to  the 
engineering  science  of  the  present  day.  The  estimated  expense  of  the  whole  line  is 
£6,000,000. 

It  is  impossible  to  over-estimate  the  political  and  commercial  advantages  which 
England  would  derive  from  the  opening  up  of  this  most  fertile  country.  History 
proves  what  a  powerful  influence  has  at  all  times  belonged  to  the  possession  of  the 
Valley  of  the  Euphrates ;  and  to  science,  to  the  geologist,  the  naturalist,  the  ethno- 
logist and  the  archaeologist,  fresh  and  most  interesting  fields  of  inquiry  would  be 
opened  by  this  line  of  communication  with  India.  The  difficulties  of  dealing  with 
the  Arabs  have  been  much  exaggerated.  They  are  a  singular  people,  combining 
the  extremes  of  good  and  evil  in  their  character.  But  with  good  faith  on  our  part, 
judicious  management,  and  a  little  foresight,  there  would  be  little  to  apprehend  from 
them.  The  chief  difficulties  in  dealing  satisfactorily  with  the  Arabs  would  arise  from 
their  ignorance,  the  hostile  state  of  their  tribes,  and  their  blood  feuds.    But  I  know 
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from  experience,  that  by  moderation,  tact,  and  truthfulness  on  our  part,  tbaat  any 
be  overcome. 

.  With  regard  to  a  telegraphic  communication  with  India  by  this  route,  two"  line* 
have  been  proposed  j  the  one  along  the  Red  Sea  to  Kurrachee,  the  other  along  the 
Valley  of  the  Eaphrates  to  the  same  part.  Both  would  seem  to  be  most  desirable, 
if  not  necessary.  To  effect  this  a  submarine  cable  should  be  laid  down  from  Kor- 
*aehee  to  Ras-el-Had,  or  some  other  place  near  the  entrance  of  the  Persian  Gulf. 
Thence  the  proposed  respective  companies  could  carry  their  lines  to  England,  the  one 
by  way  of  Suez,  and  the  other  by  the  Persian  Gulf.  The  Red  Sea  line,  by  fallowing 
Arabia,  at  a  short  distance  from  the  coast,  would  encounter  depths  varying  from 
30  to  100  fathoms  nearly  the  whole  way  to  Suez ;  coral  rocks  are  only  occasionally 
met  with,  and  we  should  have  the  advantage  of  knowing  where  an  accident  might 
occur,  and  prepare  the  means  in  consequence  of  recovering  and  repairing  the  broken 
pieces  of  the  cable :  so  that  the  completion  of  the  line  from  Ras-el-Had  to  Sum 
does  not  seem  to  offer  any  practical  difficulty.  For  the  other  line,  there  is  a  choke 
of  two  routes  across  Asia  Minor  from  Constantinople,  as  far  as  Aleppo  by  one  line, 
and  as  far  as  Dyarbekir  by  the  other :  no  difficulties  whatever  exist.  But  beyond 
these  places  the  Arabs  are  to  be  taken  into  account,  but  this  is  only  for  a  limited 
distance.  The  line  of  the  railway  would  ultimately  be  the  preferable  one,  bat  for 
immediate  operation  the  other  might  be  somewhat  quicker.  The  work  might  there- 
fore be  commenced  simultaneously  at  each  extremity.  A  submarine  cable  could  be 
laid  down  from  Ras-el-Had  to  Kurnah,  and  from  the  latter  place  to  Bagdad,  along 
the  bed  of  the  Tigris ;  and  again  between  Constantinople  and  Dyarbekir,  beginning 
at  several  places  at  once  in  each  part  of  these  lines.  The  middle  part  only  would  be 
wanting  from  Dyarbekir  to  Bagdad,  and  this  might  be  completed  by  a  line  of  Tartars! 
and  thus  we  should  very  soon  be  in  possession  of  two  lines  of  electric  wires  to  India. 
The  line  of  communication  with  India  proposed  by  the  French,  would  traverse 
Asia  Minor  more  to  the  northward  than  that  which  I  have  advocated,  so  as  to  cone 
into  this  line  towards  the  head  of  the  Euphrates.  Unlimited  funds  might,  doubt* 
less,  accomplish  this,  but  my  local  knowledge  gives  me  the  firm  belief  that  the  Taurus 
can  only  be  passed,  without  an  absolutely  ruinous  expense,  in  the  direction  of  Adans 
and  the  Orontes.  The  French  have  long  seen  the  importance  of  the  Valley  of  the 
Euphrates.  They  seem  to  know  and  feel,  as  the  great  Oriental  scholar  Dr.  Sprcager 
has  said,  "that  its  possessor  holds  the  key  of  the  Eastern  world."  It  is,  in  met  * 
country  far  richer  and  more  valuable  than  Egypt,  and  England,  therefore,  has  now 
at  her  feet  the  opportunity  of  acquiring  the  means  of  greatly  increasing  her  com- 
merce, of  consolidating  Turkey,  and  of  securing  our  Indian  territory  both  from  in- 
ternal and  external  dangers ;  and  the  proposed  railway  would  be  the  means  of  repay- 
ing to  the  East,  with  tenfold  interest,  that  knowledge  and  those  blessings  which  came 
to  us  originally  from  thence. 

On  Australian  Crania.    By  Professor  J.  H.  Corbett. 

Professor  J.  H.  Corbett  exhibited  crania,  which  had  been  selected  by  the  late  Dr. 
John  A.  Corbett,  R.N.,  in  the  neighbourhood  of  Port  Essington,  North  Australia, 
as  affording  characteristic  examples  of  the  heads  of  the  Aborigines  of  that  country. 

The  texture  of  the  cranial  and  facial  bones  is  strong  and  compact.  The  superior  max- 
Hlary  bones  exhibit  the  prognathous  tendency  in  a  marked  degree.  The  frontal  region 
may  be  described  as  receding,  but  by  no  means  deficient  in  height;  the  temporal 
regions  are  much  flattened ;  the  perpendicular  measurement  of  head  from  the  mar- 
gin of  the  foramen  magnum  to  the  vertex  is  equal  with  European  heads ;  the  antero- 
posterior measurement  of  the  cranium  is  somewhat  from  half  to  three  quarters  of  aa 
inch  greater  than  that  presented  by  many  European  skulls.  The  internal  capacity 
of  these  crania  was  found  to  be  exactly  the  same  as  that  of  several  European  crania 
of  average  size,  which  had  been  examined ;  the  method  adopted  for  this  purpose 
being  that  of  sealing  up  the  several  apertures,  and  then  filling  the  head  with  fine  sand 
introduced  through  the  foramen  magnum.  This  mode  of  examination  tends  to  show, 
that  the  Australian  crania  are  capable  of  lodging  an  amount  of  cerebral  matter  just 
equal  to  that  of  many  European  skulls,  although  the  form  of  the  brain  must  be 
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necessarily  modified  and  moulded  in  adaptation  with  the  cranial  conformation.  In 
these  heads,  the  cerebellar  compartment  is  not  in  the  least  degree  larger  than  in 
Koropean  crania. 

On  the  Character,  Extent,  and  Ethnological  Value  of  the  Indo-European 
Element  in  the  Language  of  Finland*    By  Richard  Cull,  F.S~A. 

The  author  stated  that  his  would  differ  from  the  ordinary  form  in  which  papers 
and  communications  are  presented  to  the  Section.  The  shortness  of  time  allowed 
for  each  paper,  the  difficulty  and  extent  of  the  inquiry,  and  the  inability  of  phi- 
lological papers  to  arrest  the  continuous  attention  of  a  mixed  audience,  induced  him 
to  describe  simply  the  method  of  his  investigation,  to  read  portions  of  two  chapters 
of  his  forthcoming  work  on  the  Finn  language,  to  state  some  consequences  which 
result  from  the  discovery  of  the  great  relationship  of  the  Finn  language,  and  to  offer 
a  few  remarks  in  conclusion. 

The  existence  of  Greek  and  Latin  words  in  the  Finn  language  was  pointed  out  by 
Juslenius  in  1712;  and  Palmroth  had  previously,  in  1685,  called  attention  to  certain 
Greek  words  in  the  language.  Professor  Key  drew  attention  to  the  subject  in  1 846, 
in  a  short  notice  of  the  '  Grammatica  Lapponica'  by  Fiellstrom,  Stockholm,  1738,  and 
the  '  Grammatica  Finnica'  by  Vhael,  Abo,  1733,  in  a  paper  entitled  "  The  Lapp  and 
Finn  tongues  not  unconnected  with  the  Indo-European  Family.  By  T.  Hewitt 
Key,  A.M.*"  Mr.  Wedgwood  has  since  drawn  attention  to  the  subject  by  pointing 
out  a  number  of  words  which  he  deems  to  have  miscellaneous  affinities  with  many 
of  the  Indo-European  languages'^    Their  views,  however,  are  not  generally  accepted. 

The  base  or  root  of  roost  Finn  words  is  Disyllabic.  The  syllables  commonly  begin 
with  a  consonant  and  end  with  a  vowel :  some  syllables,  however,  end  with  a  con* 
sonant,  of  which  the  most  common  are  k,  /,  m,  n,  s  and  t,  but  n,  a  and  t  are  the  only 
consonants  found  at  the  end  of  words.  A  few  syllables  occur  with  two  final  con- 
sonants, and  some  with  two  initial  consonants ;  but  these  are  in  recently  imported 
words  of  Swedish  origin  and  chiefly  Biblical  proper  names. 

The  Swedish  words  which  have  been  incorporated  in  the  Finn  language  have 
either  naturally,  or  by  artificial  means,  the  peculiarities  which  characterize  Finn 
words,  as  in  the  following  examples  : — 

Swedish.  Finn.  RngUah. 

Venus  WenusJ  Venus. 

Kassa  Kassa  Cash. 

Kaflfe    Kahwi Coffee. 

S°pa Saipo Soap. 

Stol Tuoli Chair. 

Flask .. Lasku Pork. 

Gaffe!  Kahweli Fork. 

Fjeder Wietari Pen. 

Glas Lasi Glass. 

Strat Rata Street. 

Boesa Pyssa Musket. 

Dosa Tuusa Box. 

Doctor Tohtori Doctor. 

Gips Kipsi  Gypsum. 

Krydda Ryyti Spice. 

Skraddare Raatali  Tailor. 

Flagga Laku Flag. 

Muff. Muhwi Muff. 

Skruf Ruuwi Screw. 

*  Proceedings  of  the  Philological  Society  for  1846.  f  Ibid,  for  1856-57. 

X  In  the  Finn  orthography  f  is  written  by  w;  b,  d  and  g  hard  are  unknown  to  the  Finn, 
except  under  peculiar  conditions.  The  general  principles  of  Swedish  orthography  obtain  in 
the  Finn  language. 


128  REPORT— 1857. 

Swedish.  Finn.  English. 

Kramare ••Raamali  Shopkeeper. 

Skrifvare Riiwali Clerk. 

Qvast Waata Broom. 

Garfvare Karwali Currier. 

Snus Nuusku Snuff. 

Staff Tawi Staff. 

Fogde Wouti Steward. 

Jagare Jaakeri Huntsman. 

Aktor Ahtori Agent. 

The  above  selected  examples  are  sufficient  to  indicate  the  nature  of  the  modifica- 
tions which  Swedish  words  have  suffered  on  their  incorporation  in  the  Finn  lan- 
guage. The  author  has  collected  and  classified  every  Swedish  word  in  the  Finn 
language  under  three  general  heads,  viz.  (a)  unchanged,  (0)  changed,  and  (y) 
greatly  changed  in  form.  The  several  means  adopted  t«>  bring  Swedish  words  to  the 
Finn  form  were  briefly  described. 

The  existence  of  such  words  i 


Indo-European.  Finn.  English. 

Sutor ......\...Suutari Cobbler. 

Femina Waimo Woman. 

Area Arkku Box. 

tprjfios Erama Desert. 

ttnros Hepo Horse. 

and  others  equally  like,  suggested  a  careful  study  of  Finn  words  in  relation  to  those 
of  the  Indo-European  languages.  The  result  of  this  comparison  was  the  discovery 
of  a  large  number  of  Indo-European  roots  which  appear  to  have  suffered  modifica- 
tions precisely  similar,  to  those  which  the  Swedish  words  have  undergone.  The  fol- 
lowing specimens  are  sufficient  to  indicate  the  nature  of  this  discovery : — 
Iudo-European.  Finn.  English. 

tefe:::::::::::::::  }Rie™ ™-i*- 

OvcWa Tuuli Tempest. 

paxaipa Miekka Sword. 

ey^cta  Keiha Spear. 

Clypeus  Kilpi Shield. 

cZOap  Utar Udder. 

irpwavU Rutinas  Prince. 

mntpl  VPiiri Circle. 

7T€pl J 

<ra>p6s  (a  heap)   Suuri    (Great,  large). 

Tpatyrjpa Ruoka Food. 

<j>\6( Liekki Flame. 

<t>0*lp Tai Louse. 

9&p Waras Thief. 

&:::::::::::::::::::::::}Hanhi a°°^ 

av\6s Huilu Pipe,  Flute. 

Caecus Sokia Blind. 

Mahi  (Sanskrit) Maa The  Earth. 

yp&fipara Raamattu Writing. 

cUaios  . , Heikko Weak. 

Kvdos Kiitos Renown. 

x^S:^.;:;;:::::::}^ a*. 

6p<f>ap6s Orwo Orphan. 

*<*tA Kautta ••According, 

by,  through. 
<W>* i ....Ympari Watt  is  about 
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The  long  lists  of  words  from  which  the  above  selected  vocabulary  is  taken  are  too 
numerous  and  regular  to  be  examples  of  mere  accidental  coincidence.  They  are 
words,  too,  that  form  the  basis  or  groundwork  of  speech,  and  not  such  words  as  are 
commonly  imported  from  one  language  to  another  by  the  fortune  of  war,  or  by  the 
peaceful  intercourse  of  commerce.  Hence  it  is  impossible  to  escape  the  conclusion, 
that  the  Indo-European  element  of  the  Finn  language  is  an  essential  fundamental 
element  pervading  the  Finn  language ;  and  being  so,  the  Finn  language  must  be 
grouped  as  a  member  of  the  Indo-European  family  of  languages.  This  philological 
result,  is  of  ethnological  value ;  for  as  we  are  justified  in  assuming  that  peoples 
speaking  languages  of  a  common  origin  have  themselves  a  common  origin,  we  are 
bound  to  assume  the  Finns  to  be  of  the  same  origin  as  the  rest  of  the  Indo-European 
nations.  And  all  the  Finnic  tongues,  as  the  Hungarian,  the  Lapponic,  the  Est  ho- 
nian,  and  those  of  the  isolated  tribes  in  the  Russian  Empire,  as  the  Karelian,  the 
Cberemissian,  the  Sirjanian,  &c,  must  with  the  peoples  Bpeaktng  them  be  admitted 
into  the  Indo-European  family  of  tongues  and  peoples. 

There  is  no  time  even  to  state  the  consequences  of  this  admission,  but  the  close 
connexion  of  the  Turanian  and  Indo-European  families  of  languages  by  means  of 
the  Finnic  dialects  is  too  important  not  to  be  named. 


On  China,  in  more  immediate  reference  to  pending  Operations  in  (hat 
Quarter.    By  Sir  John  F.  Davis,  Bart.,  K.C.B.,  F.R.S. 

The  paper,  after  some  general  remarks  on  the  interest  of  the  subject  at  the  present 
moment,  enters  into  a  running  but  graphic  description  of  the  coast  of  Canton  river, 
Chusan,  Shanghai,  &c,  showing  the  facilities  which  in  many  places  they  afford  for 
defence,  and  for  annoying  the  hostile  fleet,  but  at  the  same  time  the  facility  with 
which  any  such  annoyance  on  the  part  of  the  Chinese  could  be  overcome.  With 
respect  to  Canton,  Sir  John  says, — "  It  seems  at  once  good  policy  as  regards  the 
Cantonese,  and  mere  justice  and  humanity  towards  the  better-disposed  populations 
towards  the  north-east,  that,  if  a  lesson  is  to  be  administered,  it  should  be  adminis- 
tered in  the  right  Quarter.  Topical  evils  require  topical  remedies,  and  if  we  were 
once  more  to  leave  Canton  to  itself  (as  we  have  done  before),  the  question  would 
again  be  asked,  which  was  so  often  asked  then, '  Why  did  you  not  address  yourselves 
to  those  who  had  offended  you,  and  were  prepared  to  resist  you,  instead  of  attacking 
us?'  At  Canton,  besides,  there  is  nothing  at  present  to  lose,  for  all  trade  has  left 
it,  and  all  the  foreign  quarter  is  in  ruins.  The  complete  capture  and  occupation  of 
the  city,  and  the  heights  behind,  by  our  troops,  with  Hong-Kong  and  its  harbour,  its 
barracks  and  its  hospitals,  for  the  base  of  operations,  would  at  once  dispel  the  delu- 
sions of  the  Cantonese,  and  supply  us  with  a  material  guarantee  and  pledge,  as  long 
as  it  was  retained,  for  all  that  we  have  to  require  from  the  Pekin  Government. 
These  two  points  seem  to  comprise  within  themselves  the  objects  of  the  expedition, 
that  is  to  say,  satisfaction  for  the  past  and  security  for  the  future;  and  as  the 
surest  way  to  the  second,  the  first  seems  indispensable,  viz.  the  capture  and  occu- 
pation of  the  provincial  city." 

Of i  the  Physical  Characteristics  of  the  Ancient  Irish. 
By  John  O'Donovan,  LL.D. 

The  author  argued  at  full  length  to  prove  that  the  ancient  Irish  were  a  large  race 
of  men,  warlike  and  vigorous,  from  the  poet  Claudian  and  the  Christian  father  St. 
Jerome,  the  latter  of  whom  describes  a  Scot  from  the  neighbourhood  of  Britain,  as 
44  canem  grandem  et  corpulentum,  et  qui  calcxbus  magispossit  8<evire  quam  dentibus." 

Passing  over  many  fabulous  accounts  of  the  gigantic  size  of  the  ancient  Irish,  he 
dwelt  with  particular  emphasis  upon  the  description  of  the  stature  and  personal 
appearance  of  the  Irish  people  given  by  Giraldus  Cambrensis  in  1183,  before  they 
had  received  any  admixture  of  Saxon  or  Anglo-Norman  blood.  In  his  'Topographia 
Hiberniae/  Dist.  i.  c.  19,  Giraldus  says  that  all  the  animals  in  Ireland  were  smaller 
than  those  he  had  seen  in  other  countries,  except  man,  "  who  alone  retained  his 
majesty  of  stature ;"  and  in  Dist.  iii.  c.  x.,  where  he  says  that  (although  the  Irish 
were  no  adepts  in  the  science  of  nursing)  their  children  nevertheless  grew  up  by 
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nature  to  be  of  beautiful,  tall,  and  strong  persons  of  well-formed  and  wett-cotoored 
faces : — "Tanquam  itaque  Nature  probans  quid  per  ae  valeat  fingere,  non  cessat  et 
figurare  quousque  in  robur  perfectum,  pulcherrimis  et  proceris  corporibua,  et  colo* 
ratissimis  vultibus,  homines  istos  provehat  et  produoat." 


On  the  Intellectual  Characteristics  ofihe  Ancient  Irish. 
By  John  O'Donovan,  LLJD. 

The  author  laid  particular  stress  upon  a  passage  in  Bede's  *  Ecclesiastical  History/ 
lib.  iii.  c.  7,  to  prove  their  love  of  learning  and  their  wish  to  impart  it  to  the  Saxons, 
while  their  neighbours  the  Cymri  or  Welsh  people  were  unwilling  to  communicate 
any  literary  or  religious  instruction  to  the  Saxons.  He  next  glanced  over  the  history 
of  various  Irishmen  who  distinguished  themselves  on  the  Continent  by  their  learning, 
as  Columbanus  of  Bobbio,  St.  Fursey  of  Peronne,  St.  Fridolin,  St.  Gall,  VirgHms, 
Solivagus  the  Geometrician ;  Alcuin,  Dunga),  Joannes  Scotus  Erigena ;  whose  learn* 
ing  and  scepticism  were  most  remarkable  for  the  age  in  which  he  flourished ;  Man- 
anus  Scotus,  &c.  

On  the  Surnames  of  the  Irish  People,  their  Meanings,  and  the  various  changes 
"m  which  they  have  undergone  since  the  English  Invasion  of  Ireland.     By 
John  O'Donovan,  LLJD. 

On  this  subject,  to  which  he  had  devoted  much  time  and  study,  the  author  in- 
tended to  publish  a  dictionary  of  Irish  surnames,  in  which  he  would  give  the  history, 
location,  and  census  of  all  the  families  of  Irish  and  Anglo-Irish  descent  now  in  Ire- 
land, with  references  to  all  the  ancient  Irish  and  Anglo-Irish  documents  and  records, 
in  which  the  origins  and  particular  histories  of  these  families  are  to  be  found,  and  to 
the  churches  in  which  they  have  been  interred. 


On  the  Probable  Migrations  and  Variations  of  the  Earlier  Families  of  the 
Human  Race,    By  Rear- Admiral  FitzRoy,  F.R.S. 

In  one  of  the  first  places  which  the  author  visited  on  the  opposite  aide  of  the 
world,  he  found  no  fewer  than  twenty-eight  varieties  of  man.  They  were  all  di- 
stinct, known  by  different  names,  and  classified  by  no  less  an  authority  than  Hum* 
boldt.  It  was  the  city  of  Lima,  in  Peru  ;  where  one  now  may  watch  the  colour, 
features,  and  form  of  almost  every  variety  in  the  world.  He  was  greatly  struck  by 
this  aggregation  jof  colours  and  appearances.  We  all  know  that  in  Lima  400  years 
since,  there  were  only  three  distinct  varieties ;  500  years  ago  there  was  but  one  race 
(apparently)  in  Lima,  the  aboriginal  Peruvian ;  next  the  Spaniards  (or  Whites) 
came,  and  with  them  Negroes  from  Africa  :  from  which  three  sources  have  sprung 
in  the  short  space  of  300  years  all  those  varieties  which  are  now  so  distinctly  marked. 
In  some  parts  of  India,  also,  there  are  numerous  races,  and  in  the  Mauritius  there 
are  likewise  many  varieties. 

It  is  desirable  to  keep  in  mind  three  particular  epochs  in  the  world's  history, 
namely, — 

1st.  The  commencement  of  this  century. 

2ndly.  About  3000  years  ago ;  and 

3rdly.  The  earliest  dispersion  of  the  human  race. 

First,  as  to  the  world's  population  at  the  beginning  of  this  century.  At  that  time 
there  were  in  existence  in  Van  Diemen's  Land,  a  few  remnants  of  an  aboriginal  race) 
which  have  since  vanished.  There  were  in  Africa  the  genuine  black  roan,  the  brown 
Moor  or  Berber;  the  red  man,  or  Caffre;  the  Hottentot,  and  the  Bushman.  The 
latter  are  frequently  regarded  as  degenerated  varieties,  but  those  who  have  seen  the 
interior  of  that  country  know  that  they  cannot  be  so  classed.  In  America,  from 
Cape  Horn  to  the  Arctic  Circle,  we  then  found  the  same  race  of  men — the  same 
colour  and  hair.  Having  (twenty-five  years  ago)  brought  home  four  natives  of 
Tierra  del  Fuego,  who  remained  with  him  for  three  years,  the  author  was  nats> 
rally  much  struck  on  seeing  an  Esquimaux  brought  to  England  by  Captain  Oromaoer, 
precisely  like  the  Fuegians  in  all  respects ;  and  as  we  know  the  habits  of  those 
who  wander  in  canoes  along  the  South  American  and  the  North  American 


TRANSACTIONS  OF  THE  SECTIONS.  131 

are  similar,  this  would  seem  to  show  that  the  original  stock  was  the  same.  From 
this  and  other  facts,  the  author  thinks  that  all  the  tribes  of  America  are  of  one 
aboriginal  race,  except  those  of  Eastern  Patagonia. 

In  Asia  the  inhabitants  of  the  Northern  and  Eastern  parts  are  generally  of  a  yel- 
lower hue,  bat  do  not  differ  much  in  feature  from  the  Americans.  In  the  west  of 
America*  the  natives  look  to  the  West  as  the  place  from  which  they  came,  and  bury 
their  dead  towards  the  West  (placing  them  "  towards  the  spirits  of  their  ancestors/' 
as  they  say) ;  while  the  natives  of  the  east  coast  of  Patagonia  point  to  the  east- 
ward as  the  quarter  whence  they  came,  and  they  bury  their  dead  on  the  highest  hills 
to  the  eastward  for  a  similar  reason.  It  is  remarkable  that  none  of  them  derive  their 
origin  from  their  present  localities  in  America.  In  Africa  the  natives  point  to  the 
North  as  the  place  of  their  origin ;  and,  briefly,  all  aboriginal  tribes  have  been  found 
by  travellers  and  the  learned  to  derive  their  origin  more  or  less  directly  from  the 
central  regions  of  Asia. 

It  may  be  asked.  How  could  they  have  migrated  so  far  in  those  early  days  ?  Land 
travelling  probably  was  not  difficult,  however  slow,  while  the  power  of  crossing  the 
sea  in  early  times  is  not  perhaps  sufficiently  appreciated  in  general.  The  double 
canoe  of  the  South  Sea  or  Polynesian  Islands  is  not  commonly  known,  and  is  nearly 
extinct  as  it  formerly  existed. 

It  was  one  of  the  most  sea- worthy  vessels  that  could  have  been  devised  in  those 
primitive  times,  and  in  such  vessels  families  could  have  migrated  not  only  along 
coasts,  but  across  oceans ;  where  no  doubt  they  were  liable  to  be  driven  far  away 
from  their  intended  destination  by  unexpected  winds,  and  perhaps  currents.  Such 
casualties  may  have  been  the  cause  of  early  cannibalism. 

Regarding  the  possible  connexion  of  those  who  migrated  from  Asia  (the  Tartar 
and  Malay  race)  with  the  tribes  of  the  west  coast  of  America,  independently  of 
intercourse  by  Behring's  Strait,  the  author  remarks  that  if  Malays  were  driven  into 
the  winds  which  always  blow  westward — anti-trades  or  moonsoons — they  must  go 
towards  the  coast  of  America,  which  we  know  has  happened  within  the  last  few 
centuries,  and  would  account  for  their  derivation  of  origin  from  Asia. 

The  habits  and  appearance  of  the  Aborigines  of  Chiloe  and  Western  Patagonia 
correspond  with  many  of  the  New  Zealander's  peculiarities.  The  black  races  of 
Polynesia  are  a  mixed  breed,  between  the  genuine  Negro  and  the  reddish- brown 
man,  or  Malay. 

On  one  little  island  of  the  Indian  Ocean  (the  Keeling  or  Cocoa),  an  Englishman 
was  found  married  to  a  mixed  or  half-breed  Malay.  Their  children  were  of  a  rich 
bright  red  copper  colour.  Some  children  of  Englishmen  and  native  New  Zealand 
women  were  not  of  that  colour  in  the  first  generation,  but  were  so  in  the  second. 
Of  this  the  author  can  bear  ocular  testimony.  The  result  of  the  whole  inquiry  is 
thus  expressed  : — "  To  reduce  races  to  their  original  or  primitive  number,  we  can 
only  reach  to  the  white  and  the  black  by  tracing  back  the  intermixtures."  The 
author  concludes  by  referring  to  some  passages  of  the  Scriptures  which  bear  on  this 
subject.  

On  some  Skulls  discovered  in  an  ancient  Sepulchral  Mound  near  Mount 
Wilson  in  King's  County,  Ireland.    By  John  G rattan. 


On  the  Progress  already  wade  in  the  Transcription  and  Translation  of  the 
Ancient  Laws  of  Ireland,  called  the  Brehon  Laws.  By  the  Rev.  Professor 
Gravbs. 

The  author  referred  to  the  array  of  quarto  MS.  volumes  on  the  table  before  him, 
as  evidence  of  the  amount  of  work  that  had  been  already  accomplished.  The  first 
thing  done,  after  ascertaining  all  the  MSS.  of  those  laws  that  were  to  be  found  in 
the  libraries  of  Trinity  College,  the  Royal  Irish  Academy,  the  British  Museum,  and 
the  Bodleian  Library,  was  to  entrust  the  transcription  to  Dr.  O'Donovan  and  Mr. 
Curry.  This  was  commenced  in  1863 ;  and  at  the  present  time  about  six  thousand 
quarto  pages  of  manuscript  had  been  transcribed,  and  about  two  thousand  pages  had 
been  translated.  The  transcript  had  been  executed  in  anastatic  ink,  which  enabled 
them  to  make  several  copies,— one  great  advantage  of  which  was  that  they  had  been 
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able  readily  to  compile  a  vast  glossary  of  the  words  used  in  the  laws,  with  all  the 
quotations  to  illustrate  their  meaning,  arranged  alphabetically.  He  had  to  mention, 
as  an  interesting  fact,  that  Mr.  Curry  had  been  enabled,  by  this  glossary,  to  inves- 
tigate some  of  the  legal  terms  in  the  ancient  Welsh  laws,  which  the  Welsh  transla- 
tors had  been  unable  fully  to  explain.  The  language  of  these  manuscripts  was  very 
ancient,  and  the  writing  was  in  many  places  scarcely  legible  :  hence  it  was  impos- 
sible to  estimate  the  amount  of  labour  and  of  eyesight  expended  on  them.  This  great 
work,  however,  was  worth  all  the  labour  devoted  to  it.  It  was  a  moat  important  con- 
tribution to  our  history,  for  nothing  better  explained  the  history  and  manners  of  a 
people  than  their  laws  and  institutions.  They  throw  a  light  even  upon  the  history 
of  other  countries.  The  glossary  which  they  had  formed  would  be  of  the  utmost 
value  for  the  knowledge  of  the  Celtic  languages ;  and  he  had  no  doubt  that  the  Bre- 
hon  Laws  would  present  to  us  a  picture  of  the  civilization  of  this  country  as  it  existed 
from  twelve  to  fifteen  hundred  years  ago.  What  length  of  time  would  be  requisite, 
he  might  be  asked,  until  this  work  would  be  completed  ?  He  had  already  told  diem 
what  bad  been  done  in  the  last  four  years,  and  if  it  took  as  much  more  it  would  be 
worth  the  expense.  He  was  happy  to  inform  them  that  there  was  no  fear  that  the 
work  would  be  left  unfinished.  At  the  close  of  the  late  session  of  Parliament  the 
Government  had  provided  ample  means  for  completing  and  publishing  it. 


The  Rev.  Professor  Graves  made  a  communication,  the  object  of  which  was  to 
identify  the  river  Dur,  mentioned  by  Ptolemy  in  his  description  of  Ireland,  with  the 
Kenmare  river.  The  principal  argument  by  which  Dr.  Graves  endeavoured  to  esta- 
blish this  conclusion,  rests  on  the  fact  that  at  the  mouth  of  the  Kenmare  river  is  an 
island  retaining  to  this  day  the  name  of  Dursey.  The  obvious  and  certain  deriva- 
tion of  this  name  is  Durs-ey,  t.  e.  the  "  Island  of  Dur,"  "Dur"  meaning  water. 
Dr.  Graves  noticed  that  the  termination  "ey,"  meaning  island,  entered  into  the 
names  of  Dalkey,  Ireland's  Eye,  and  Lambay,  on  the  Irish  coast,  not  to  mention 
Anglesey  and  other  islands  on  the  coast  of  Britain.  The  order  in  which  Ptolemy 
enumerates  the  principal  headlands,  rivers,  and  maritime  towns  of  Ireland  also 
shows  that  the  river  which  he  calls  the  Dur  is  on  our  south-west  coast  Ware  and 
O'Connor  have  expressed  the  opinion  that  the  Dur  of  Ptolemy  was  Dingle  Bay,  or 
Castlemaine  Bay,  but  they  have  stated  no  grounds  for  their  belief.  Dr.  Graves  con- 
cluded by  observing  that  the  Irish  topographical  names  appearing  in  Ptolemy's  list 
deserve  a  more  complete  discussion  than  they  have  yet  received. 


On  the  Influence  of  the  Gulf-stream  on  the  Climate  of  Ireland. 
By  Professor  Hennessy,  FM.S.,  M.RjJi. 

By  referring  to  a  large  map  of  the  British  Isles*,  the  isothermal  lines,  or  lines  indi- 
cating the  distribution  of  equal  temperature,  were  shown  to  run  not  even  approxi- 
mately in  the  direction  of  the  parallels  of  latitude,  as  might  be  expected,  bat  in 
curves  almost  concentric,  and  following  very  nearly  the  windings  of  the  coast.  These 
relations  to  the  coast  line  illustrated  a  fact  first  pointed  out  by  Dr.  Lloyd,  President 
of  the  Association,  which  was  deduced  from  a  series  of  both  day  and  night  observa- 
tions, namely,  that  the  mean  temperature  of  the  sea  off  the  west  coast  of  Ireland  is 
four  degrees  higher  than  the  main  temperature  of  the  land.  All  these  facts  are  easily 
explained  by  the  phenomenon  of  the  Gulf-stream,  or  warm  current  of  water,  which, 
as  is  well  known  to  navigators,  flows  from  the  Gulf  of  Mexico  in  the  direction  of 
those  islands  and  the  north-west  coast  of  Europe.  That  current  of  water,  heated 
in  the  warm  regions  where  it  commences,  exercises  its  influence  very  sensibly  on  the 
atmosphere,  raising  its  temperature,  and  charging  it  with  vapours,  which  are  known 
to  give  out  a  certain  amount  of  heat  during  their  subsequent  precipitation.  From 
Dr.  Wilde's  historical '  Report  on  the  Diseases  and  Cosmical  Phenomena  of  Ireland,' 
presented  with  the  Census  returns,  extreme  depressions  of  temperature  appear  to 
have  taken  place  in  remote  ages  in  that  country ;  and  such  changes  might  have  been 

*  A  copy  of  this  map  has  been  published  in  the 'Atlantis '.'for  July  1858,  and  la  the 
'Proceedings  of  the  Royal  Society/  Part  32. 
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caused  by  the  temporary  deflection  of  the  Gulf-stream,  arising  from  some  perturba- 
tion in  the  Atlantic,  thus  leaving  the  island  for  the  moment  in  the  same  position  as 
continental  regions  under  the  same  parallel  of  latitude. 


On  the  Round  Towers  of  Ireland.    By  Gordon  M.  Hills. 

The  author  exhibited  drawings,  forty-four  in  number,  illustrating  forty  of  the 
round  towers,  being  the  first  portion  of  a  survey  still  in  progress,  which  is  intended 
to  include  drawings  of  every  round  tower  in  existence,  with  the  architectural  features 
of  each  shown  at  large,  and  the  dimensions  taken  either  by  actual  measurement  or 
by  the  sextant  and  artificial  horizon.  The  survey  extends  to  the  churches  and  build- 
ings adjacent  to,  or  in  connexion  with  the  round  towers;  and  in  addition,  to  the 
sites  and  buildings  where  there  is  authority  for  believing  that  round  towers  have 
existed. 

An  abstract  of  the  particulars  given  of  the  first  portion  of  the  survey  is  as  follows ; — 

1st  Towers  retaining  the  conical  cap  complete,  or  nearly  so. 

Diameter 
High  to  top.         at  base* 

feet.  in.  feet.   in. 

1.  Kilmacduagh,  Co.  Galway 108    4  18    6 

2.  Ardraore,  Co.  Waterford 95  10  16    4 

3.  Clondalkin,  Co.  Dublin 90    5  13    4  (at  door) 

4.  Cashel,  Co.  Tipperary 89    0  16    8 

5.  Antrim,  Co.  Antrim 87    0  16    0 

6.  Swords,  Co.  Dublin 85     9  16  10 

7.  Devenish,  Co.  Fermanagh 81     6  15     6 

No.  1  has  lost  about  3  feet  of  the  point  of  the  cone,  3  and  4  have  lost  about  18 
inches  each. 

2nd.  Those  towers  which  are  perfect  to  the  base  of  the  cone,  or  retain  only  a 
small  portion  of  it : — 

High  to  base      Diameter 
of  cone.  at  base, 

feet  in.  feet  in, 

1.  Fertagh,  Co.  Kilkenny 100    0  15    8 

2.  Kilkenny .'. 95     5  14  10 

3.  Glendalough,  Co.  Wicklow  (the  Great  Tower) 90    0  16    0 

4.  Lusk,  Co.  Dublin 88    0  17    0 

5.  Timahoe,  Queen's  Co 80    5  18    4 

6.  Rattoo,  Kerry 78    4  15     1 

7.  Scattery,  Co.  Clare 76    9  16    7 

8.  Clonmacnois,  King's  Co.  (the  Small  Tower)  45     3  11     7 

3rd.  The  following,  which  have  had  battlemented  additions  made  to  the  height  of 

the  shaft  in  modern  times : — 

Diameter 
High  to  top.        at  base. 

1.  Cloyne,  Co.  Cork  (a  stump) 101     5  17     1 

2.  Kildare 96    0  17  10 

3.  Kilree,  Co.  Kilkenny 85    8  15  10 

4th.  Those  which  are  imperfect  in  various  degrees : — 

High.  Diameter. 

1.  Aghadoe,  Co.  Kerry 16    0  15  6 

2.  Ardpatrick,  Co.  Limerick  (a  fragment) ...  16  9 

3.  Armoy,  Co.  Antrim  (a  stump) 33    0  15  0 

4.  Aghavuller,  Co.  Kilkenny  (a  stump) 29    0  16  0 

5.  Castledermot,  Co.  Kildare  (top  modern) 65     6  15  3 

6.  Clones,  Co.  Monaghan  (to  top  of  window  under  \  *0  1Q  jg  4 

cornice) J 

7.  Clonmacnois,  King's  Co.,  O'Ruark's  Tower  (the  1         5<$    o  18    6 

upper  part  not  original)  J 
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High, 

feet.  in.  feeL  Is. 

8.  Drumbo,  Co.  Down  (a  stump) 33  0  16  5 

9.  Drumclewe,  Co.  Clare  (a  fragment) 50  O  16  0 

10.  Dysart,  Limerick  Co.  (an  imperfect  shaft)  64  0  17  4 

11.  Dysart  O.  Dea,  Co.  Clare  (a  fragment)  50  0  19  5 

12.  Inniscaltra,  Galway  (imperfect  shaft) 70  5  15  0 

13.  Kilcullen,  Co.  Kildare  (a  stump) 30  9  15  O 

14.  Kilmallock,  Co.  Limerick  (much  altered  from  its  1          57  o  16  10 

original  state)  I 

15.  Kumeagb,  Co.  Cork  (imperfect  shaft  with  hex- >         67  3  21  0 

agonal  base  inscribed  in  a  circle) / 

16.  Monasterboice,  Co.  Louth  (imperfect  shaft)' 76  6  15  1 

17.  Oughterard,  Co.  Kildare  (a  stump)  40  0  15  0 

18.  Roscorn,  Galway  (a  stump)   32  0  15  9 

19.  Roscrea,  Tip perary  (an  imperfect  shaft)    69  0  14  9 

20.  Tullatrerio,  Co,  Kilkenny  (the  top  not  original) ....         73  3  16  0 

Killashee,  Co.  Kildare,  has  a  square  base;  St.  Kevin's  Tower,  Glendalough,  Co. 

Wicklow,  stands  on  the  vaulted  roof  of  St.  Kevin's  Church  at  the  west  end.  It  is 
perfect,  and  measures  46  feet  high  from  the  ground  to  the  apex. 


On  the  relation  between  the  newly-discovered  Accadian  Language  and  the 
Indo-European,  Semitic,  and  Egyptian  Languages ;  with  remarks  on  the 
original  values  of  certain  Semitic  Letters,  and  on  the  state  of  the  Greek 
Alphabet  at  different  periods.    By  the  Rev.  £.  Hincks,  LLJ). 

The  facts  from  which  the  author  proposed  to  reason  relate  to  the  language  of  the 
Assyrians,  the  mode  of  writing  of  the  Assyrians,  and  the  language  of  the  people  who 
invented  this  mode  of  writing,  or,  as  they  have  been  called,  the  Accadians.  The 
Assyrian  language  is  a  member  of  the  family  which  has  been  generally  called  Semitic 
This  term  may  be  retained,  as  no  preferable  term  presents  itself;  but  is  objection- 
able, as  we  have  no  reason  to  suppose  that  the  divisions  of  mankind  with  respect  to 
language  and  with  respect  to  descent  were  coincident.  Ail  the  Semitic  languages 
that  were  known  before  the  discovery  of  the  Assyrian  agree  with  one  another  in 
some  important  particulars  in  which  they  differ  from  the  Assyrian.  For  example, 
they  have  H  in  the  separate  pronouns  and  affixes  of  the  third  person,  and  in  the 
p reformative  of  causative  verbs ;  while  the  Assyrian  has  S.  They  may  be  classed 
together  as  the  Syro-Arabian  sub-family  of  the  Semitic  family  of  languages ;  the 
Assyrio- Babylonian  being  its  other  sub- family. 

The  grand  distinctive  feature  of  the  Semitic  languages  is  that  in  them  the  roots 
are  consonantal.  Most  commonly,  they  consist  of  three  consonants,  or  what  are 
considered  as  such ;  but  in  no  instance  does  a  voice/  form  part  of  the  root.  The 
vowels  are  used  to  determine  the  grammatical  forms,  which  they  sometimes  do  alone, 
but  oftener  with  the  assistance  of  consonants,  prefixed  or  suffixed  to  those  of  the 
root  or  inserted  among  them.  In  all  other  languages,  on  the  contrary,  the  roots  are 
syllabic;  though  in  many  languages  the  vowels  are  liable  to  be  changed  in  certain 
grammatical  forms,  and  consonants  may  be  inserted  within  the  roots.  Besides  the 
ordinary  consonants,  the  semi-vowels  W  and  Y,  and  certain  breathings,  there  are 
combinations  of  consonantal  sounds,  which  are  treated  in  Semitic  grammar  as  simple 
consonants. 

Now  this  distinctive  feature  of  Semitic  language,  that  its  roots  are  consonantal,  con- 
nects itself  naturally  with  a  distinctive  feature  of  Semitic  writing.  It  is  consonantal. 
Its  characters  represent  those  consonants,  or  what  were  considered  as  such,  which 
are  capable  of  being  elements  of  roots.  It  has,  properly  speaking,  no  vowels.  In 
Hebrew,  as  it  is  now  printed,  there  are  points  attached  to  the  letters,  which  indicate 
the  vowels  with  which  these  letters  are  to  be  sounded ;  but  it  is  generally  admitted 
that  these  points  were  no  part  of  the  original  text.  There  are  also  some  letters, 
'which  in  certain  cases  supply  the  place  of  vowels  when  the  points  are  not  written. 
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The  most  common  of  these  are  Vaw  and  YadM  which  express  the  vowels  U  and  I,  as 
well  as  the  semi-vowels  W  and  Y.  There  can  scarcely  be  a  doubt,  however,  that  in 
some  cases  where  these  letters  are  now  read  as  vowels,  they  were  originally  read  as 
semivowels ;  the  6th  of  the  feminine  plural  was  originally  dvoath ;  the  t  of  the  affix 
"  my  "  was  originally  ya.  In  other  cases,  these  vowel  letters  were  inserted  by 
copyists  at  a  comparatively  recent  period ;  according  to  Dr.  Wall,  in  the  second 
century  after  Christ.  In  the  oldest  Phoenician  inscription  extant,  that  on  the  sar- 
cophagus of  Asmunezer,  there  are  no  vowel  letters.  The  Yod  of  the  plural  number 
is  never  written  in  either  the  absolute  or  the  constant  form ;  there  is  no  Vaw  at  the 
end  of  the  third  person  plural,  and  no  letter  after  Zayin  in  the  demonstrative  pronoun* 

All  the  Semitic  languages  with  which  we  were  acquainted  previously  to  the  deci- 
phering of  the  Assyrio-Babylonian  inscriptions  were  originally  written  from  right  to 
left,  and  with  consonants  only ;  and  no  languages  other  than  Semitic  ones  were  thus 
written,  except  under  Semitic  influence.  It  was  therefore  a  natural  supposition 
that  the  cuneiform  writing  of  Babylon,  where  a  Semitic  language  was  believed  to  have 
been  spoken,  would  be  written  with  characters  which  represented  the  Semitic  conso- 
nants. Two  circumstances  might  have  suggested  doubts  as  to  this  being  the  case ; 
the  writing  was  directed  from  left  to  right,  and  the  characters  were  far  more  nume- 
rous than  in  the  Semitic  alphabet ;  but  notwithstanding  these  objections,  all  who 
undertook  the  decipherment  of  the  inscriptions  before  1847,  with  the  single  excep- 
tion of  Grotefend,  referred  the  characters  to  the  Semitic  alphabet*  The  explanation 
which  they  gave  of  the  large  number  of  the  characters  was  that  each  letter  was  repre- 
sented by  several  equivalent  characters ;  and  that  some  characters  represented  com- 
binations of  letters,  Aleph,  Vaw,  and  Yod  being  accounted  vowels.  Grotefend  denied 
the  equivalence  of  any  two  characters,  and  supposed  that  characters  might  represent 
consonants,  combinations  of  consonants,  vowels  or  syllables.  Grotefend  identified  the 
Babylonian  groups  which  represented  the  names  of  Darius,  Hystaspes,  and  Xerxes ; 
and  his  analysis  of  these  names  might  pass  if  no  other  words  were  to  be  considered ; 
and  so  indeed  might  that  of  the  other  decipherers ;  but  both  these  systems  failed  when 
the  values  of  the  characters  used  in  these  words  were  transferred  to  other  words  in 
which  the  characters  occurred.  In  the  latter  end  of  1847,  it  occurred  to  the  author 
of  this  paper  that  the  characters  must  represent  definite  syllables,  no  character  re- 
presenting a  detached  consonant,  and  no  vowel  being  left  unexpressed.  He  consi- 
dered that  the  Assyrians  did  not  analyse  their  words  beyond  syllables ;  they  did  not 
recognize  consonants  or  vowels  as  constituents  of  syllables  ;  their  characters  repre- 
sented simple  syllables  or  combinations  of  syllables ;  not  Semitic  letters  or  combi- 
nations of  them,  as  the  French  decipherers  and  Sir  H.  Rawlinson  supposed,  nor 
European  letters  and  combinations  of  them,  as  Grotefend  thought.  These  three 
modes  of  analysing  the  names  of  Darius  and  Hystaspes  were  represented  in  fig.  1 
of  a  lithographed  plate,  which  was  distributed  in  the  Section  (Plate  III.).  It  was 
observed  that,  so  far  as  respected  these  two  names,  the  difference  between  these  dif- 
ferent modes  might  appear  unimportant ;  but  the  problem  to  be  solved  was  to  analyse 
these  names  in  such  a  manner  as  that  the  values  of  the  characters  deduced  from  these 
and  other  like  names,  when  substituted  in  Assyrian  nouns  and  verbs,  would  enable 
us  to  exhibit  them  in  Semitic  forms.  The  first  two  modes  of  analysis  failed  to  do 
this,  but  the  third  effected  it.  In  a  lithographed  plate,  which  was  exhibited  at  the 
Edinburgh  Meeting  of  the  British  Association  in  1850,  and  which  was  published  in 
the  Report  for  that  year,  there  were  a  number  of  groups  of  cuneatic  characters, 
which  were  read  syllabically  as  Semitic  words.  Though  there  were  errors  in  most 
of  these  words,  which  have  since  been  corrected  by  the  author  himself  or  by  others, 
they  were  such  close  approximations  to  the  true  reading  of  the  words,  that  they  could 
scarcely  fail  to  carry  conviction  to  those  who  were  studying  the  inscriptions.  The 
syllabic  system  of  deciphering,  which  had  previously  been  maintained  by  the  author 
alone,  is  now  universally  adopted. 

This,  then,  being  a  settled  point,  it  comes  to  be  inquired,  how  came  the  Assyrians 
to  write  on  a  totally  different  system  from  what  all  other  Semitic  people  used  ?  The 
answer  to  this  question  given  by  the  author  in  1850  was,  that  the  Assyrians  learned 
their  system  of  writing  from  a  non- Semitic  people.  He  then  thought  that  this  other 
people  had  partially  adopted  the  Egyptian  system  of  writing ;  but  he  was  now  satis- 
fied that  they  had  invented  it  independently  of  the  Egyptians.    What  suggested  to 
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him  that  the  inventors  of  cuneatic  writing  were  acquainted  with  hieroglyphic  writing, 
was  that  ideographic  characters  were  mixed  with  phonetic  ones  in  both  the  systems. 
This  alone,  however,  would  not  prove  that  this  was  the  case ;  for  ideographic  cha- 
racters are  mixed  with  phonetic  ones  in  almost  all  systems.    The  Arabic  and  Rosin 
numerals,  the  signs  for  degrees,  minutes  and  seconds;  and  for  the  different  denomi- 
nations of  money  and  the  like,  are  ideographic.  These  have  not  been  borrowed  fans 
either  the  Assyrian  or  the  Egyptian  system ;  why  then  should  it  be  thought  that  one  of 
these  was  borrowed  from  the'other?  Unless  the  ideographs  were  introduced  among  the 
phonographs  in  a  strikingly  similar  manner  in  the  two  systems,  it  would  by  no  means 
follow  that  one  system  was  taken  from  the  other.    The  author,  however,  denied  that 
they  were  introduced  in  a  similar  manner.  The  Egyptians  sometimes  wrote  the  name 
of  an  object  phonetically,  and  added  the  figure  or  symbol  of  the  object;  but  the 
Assyrians  never  did  so.    They  wrote  down  the  word  or  they  wrote  down  the  sign ; 
but  they  never  wrote  down  both,  one  after  the  other.    At  other  times,  the  Egyptians 
wrote  the  name  of  an  object  phonetically,  and  wrote  after  it  the  ideograph,  not  of 
the  object,  but  of  the  species  or  genus  to  which  it  belonged.     The  Assyrians  did 
something  like  this,  but  not  this.    They  prefixed  the  ideographic  sign  of  the  species 
to  the  name  of  the  individual,  or  that  of  the  genus  to  the  name  of  the  species.  They 
prefixed  what  the  Egyptians  postfixed.     Surely,  if  they  had  learned  the  use  of  deter- 
minative signs  from  the  Egyptians,  they  would  have  used  them  as  the  Egyptians  did. 
Again,  compound  ideographs  are  used  in  Egyptian  writing ;  but  though  there  appear 
to  be  instances  of  the  use  of  them  in  Assyrian  writing,  these  are  capable  of  a  differ- 
ent explanation,  which  is  probably  the  true  one.     In  fig.  2,  we  have  a  combination 
of  two  characters,  which  signifies  "  a  son ;"  the  characters  signifying  severally 
"  child"  and  "  male."    Sir  Henry  Rawlinson  has,  however,  suggested  that  these 
characters,  which  have  the  phonetic  values  tur  and  us,  represent  words  of  the  Acca- 
dian  language  to  which  the  cuneatic  writing  was  first  applied.    These  Accadian 
words,  when  alone,  are  interchanged  with  the  equivalent  Assyrian  words  which  are 
beneath  them  in  the  figure,  being  written  when  those  Assyrian  words  should  be 
read ;  and  in  like  manner  the  compound  Accadian  word  Tur -us,  "a  male  child,"  is 
written  when  the  equivalent  Assyrian  word  pal  should  be  read.    This  Accadian 
compound  is  interchanged  with  a  simple  Accadian  word  for  "  son,"  which  was  pro- 
bably pronounced  hwah ;  both  Accadian  forms  being  equally  read  as  pal.    A  great 
deal  of  the  supposed  ideographic  writing  of  the  Assyrians  is  thus,  in  fact,  a  writing 
down  of  Accadian  words,  when  the  equivalent  Assyrian  words  are  to  be  read ;  a 
mode  of  proceeding  which  was  certainly  not  learned  from  the  Egyptians,  who  prac- 
tised nothing  at  all  like  it.   Strange  as  this  mode  of  proceeding  must  appear,  and  as 
it  certainly  is,  it  has  some  resemblance  to  what  occurs  in  English.     Abbreviations 
are  frequently  used,  which  represent  Latin  words,  and  which  are  nevertheless  read 
by  English  words.    Thus  "  j£"  represents  "  libra,"  but  is  read  "  pounds ;"  "  e.  g." 
represents  "  exempli  gratia,"  but  is  read  "  for  example."    It  thus  appears  that  so 
far  as  respects  their  use  of  ideographs,  there  is  very  little  resemblance  between  the 
Assyrian  and  Egyptian  systems  of  writing ;  certainly  not  enough  to  require  us  to 
attribute  to  them  a  common  origin.   Let  us  now  look  to  the  forms  and  values  of  the 
characters.     In  both  systems  we  have  representations  of  "the  mouth"  and  of 
"water;"  but  they  are  as  unlike  as  it  would  be  possible  to  make  them  (see  fig.  3). 
The  Egyptians  represented  the  mouth  as  seen  in  front,  the  Assyrians  as  seen  from 
the  side;  the  wedges  represent  the  lips,  the  line  of  the  face,  and  the  mouth  itself. 
The  Assyrians  represented  water  by  drops  of  rain ;  the  Egyptians  by  the  waved  sur- 
face of  standing  water.     Surely  there  would  not  have  been  such  differences  if  one 
system  had  been  taken  from  the  other.   Again,  the  Egyptian  characters  for  the  most 
part  represented  incomplete  syllables,  requiring  vowels  to  be  supplied  which  were 
not  expressed ;  whereas  the  Assyrian  characters  all  represented  complete  or  definite 
syllables,  in  which  no  vowels  had  to  be  supplied.    The  Egyptian  syllabic  characters 
differed  in  another  respect  from  the  Assyrian  ones.    They  admitted  complementary 
letters,  as  they  are  called  ;  sometimes  before  them,  sometimes  after  them,  and  some- 
times both  before  and  after  them  ;  while  the  Assyrian  characters  had  no  comple- 
ments.  To  show  the  nature  of  the  complementary  characters  of  the  Egyptians,  and 
at  the  same  time  the  uncertainty  of  their  writing,  owing  to  the  absence  of  vowels, 
two  syllabic  characters  are  given  in  figures  4  and  5,  with  the  variations  of  which  the 
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writing  of  them  admits,  and  with  the  equivalent  Hebrew  and  Roman  characters* 
The  first  character  in  fig.  4  represents  Alepk,  Mem ;  and  by  the  aid  of  the  Leaf,  Jleph, 
and  the  Owl,  Mem,  we  have  four  modes  of  writing  the  syllable  equivalent  to  the 
simple  syllabic  character.    None,  however,  of  the  five  modes  of  writing  distinguishes 
tlie  vowel.    All  these  modes  are  equivalent  to  a  pair  of  Hebrew  letters ;  but  they 
represent  three  different  combinations  of  Roman  letters ;  to  each  of  which  a  distinct 
Assyrian  character  corresponds.     In  fig.  5  there  is  only  one  mode  of  completing  the 
syllable  used.    Two  Egyptian  ways  of  expressing  Mem,  Nun  were  in  use ;  and  each 
might  represent  three  syllables,  two  of  which  had  Assyrian  characters  to  represent 
them,  while  all  three  might  be  represented  by  combinations  of  two  Assyrian  charac- 
ters, having  the  respective  values  of  MA.AN,  MI. IN  and  MU.UN.     It  appears, 
then,  that  the  values  of  Assyrian  and  Egyptian  characters  are  not  even  of  the  same 
kind.    They  could  not  be  the  same  unless  the  value  were  a  vowel ;  and  in  point  of 
fact  they  never  are  the  same. 

Dismissing  then  the  idea  that  the  Assyrian  mode  of  writing  was  in  any  respect 
derived  from  the  Egyptians,  we  have  to  seek  its  origin  in  the  lower  part  of  the  valley 
of  the  Euphrates,  where  the  clayey  nature  of  the  soil  would  account  for  the  plastic 
character  of  the  writing.  The  name  of  Accad  occurs  in  Gen.  x.  10,  as  that  of  one 
of  the  earliest  cities  in  this  district,  and  it  is  also  found  in  the  Assyrian  inscriptions, 
apparently  applied  to  the  whole  district.  It  has  therefore  been  chosen  with  great 
propriety  by  Sir  H.  Rawlinson  to  represent  the  people  who  invented  the  Assyrian 
mode  of  writing.  The  language  of  this  people  may  be  called  Accadian ;  and  there 
are  in  existence  ample  means  of  attaining  to  the  knowledge  of  its  structure  and  its 
vocabulary.  The  sources  of  information  respecting  it  are  of  three  sorts.  The  bilin- 
gual tablets  in  the  British  Museum  were  written  in  the  seventh  century  b.c.  Some 
of  these  contain  Accadian  sentences  and  equivalent  Assyrian  sentences,  either  in 
parallel  columns,  or  one  beneath  the  other.  In  others,  sentences  in  the  two  lan- 
guages are  analysed,  so  as  to  give  the  precise  meaning  of  every  element  in  the  long 
Accadian  words  that  we  meet.  In  all  the  Assyrian  inscriptions  Accadian  words  are 
occasionally  introduced ;  and  when  different  copies  of  the  inscriptions  have  been 
found,  it  often  happens  that  one  contains  an  Accadian  word  and  another  its  Assyrian 
equivalent.  The  oldest  Assyrian  inscription  of  considerable  length  is  that  of  Tiglath 
Pileser  I.,  whose  capital  was  sacked  by  the  Accadians  of  Babylon  419  years  before 
the  first  year  of  Sennacherib  (702  b.c).  The  inscription  was  therefore  written  a 
little  before  1121  b.c.  Inscriptions,  the  language  of  which  is  wholly  Accadian,  and 
which  are  anterior  to  the  Assyrian  ones,  are  said  to  be  in  existence ;  but  copies  of 
them  have  not  yet  been  made  public.  A  third  source  of  information  as  to  the  glos- 
sary of  the  Accadian  language  goes  back  to  the  origin  of  this  species  of  writing.  The 
phonetic  values  of  the  characters  used  in  the  original  writing  of  the  Accadians  were 
the  names  of  the  objects  which  the  characters  represented.  We  know  what  certain 
characters  represented,  and  we  know  their  phonetic  values ;  and  thus  we  come  to 
know  the  Accadian  names  of  certain  objects  at  the  time  when  this  mode  of  writing 
was  invented.  We  cannot  assign  the  date  of  this  invention  ;  but  we  have  a  minor 
limit  for  it  In  the  inscription  of  Tiglath  Pileser  I.,  who  began  to  reign  about 
1130  b.c,  mention  is  made  of  a  temple,  which  after  standing  641  years,  having  be- 
come ruinous,  had  been  taken  down  by  the  great-grandfather  of  this  king,  sixty  years 
before  his  accession.  Sixty  is  a  round  number,  but  is  more  likely  to  have  been  less 
than  greater  than  the  actual  number ;  but  the  other  number,  which  purports  to  be 
accurate,  was  doubtless  taken  from  an  authentic  record.  The  temple  would  there- 
fore have  been  built  about  1830  b.c.  Now,  Tiglath  Pileser  found  inscriptions  written 
by  its  builder,  who  lived  before  the  origin  of  the  Assyrian  monarchy ;  and  we  have 
thus  the  19th  century  b.c  as  the  latest  date  at  which  the  origin  of  Accadian  writing 
can  be  fixed.  Its  actual  date  was  in  all  probability  several  generations  earlier. 
The  bilingual  tablets  teach  us  that  the  Accadian  language  was  in  its  structure  as 
dissimilar  as  can  well  be  conceived  possible  both  to  the  Indo-European  languages 
and  to  the  Semitic  ones.  It  had  unmistakeable  affinities  with  the  language  of  the  in- 
scriptions  found  at  Susa  and  in  its  neighbourhood,  and  with  that  of  the  Achsemenian 
inscriptions  of  the  second  kind.  These  latter  had  been  supposed  by  Mr.  Norris  to  be 
connected  with  the  Ugrian  languages ;  while  others  believed  them  to  be  represented 
by  the  Mongolian  or  Providian  languages.    The  author,  being  unacquainted  with 
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these  languages,  declined  to  express  a  positive  opinion.  As  respected  his  arguments 
in  this  paper,  it  was  of  no  consequence  whether  the  Accadian  language  was  repre- 
sented by  one  or  more  living  languages,  or  whether  it  had  died  away,  like  the  Egyp- 
tian, leaving  no  representative  on  the  tongues  of  men.  He  was  inclined  to  think, 
however,  that  all  the  Turanian  languages  were  descended,  if  not  from  the  Accadian, 
from  its  parent  the  Japhetic,  which  is  hereafter  to  be  noticed ;  though  from  the  king 
period  which  must  have  elapsed  before  these  languages  were  reduced  to  writing,  and 
from  the  barbarism  and  nomadic  habits  of  most  of  the  nations  who  spoke  then, 
there  can  be  little  hope  of  the  descent  being  traced  in  a  satisfactory  manner.  It  had 
been  noticed,  several  years  ago,  that  the  Egyptian  language  was  connected  with  the 
Semitic  languages  in  respect  to  its  glossary.  The  connexion  was  so  manifest,  that. 
notwithstanding  the  structural  difference  of  the  languages,  Bunsen  and  others  have 
classed  the  Egyptian  among  the  Semitic  languages.  A  plossarial  resemblance 
between  the  Indo-European  languages  and  either  the  Semitic  or  the  Egyptian  had 
also  been  remarked  in  some  words.  In  the  present  paper,  the  author  endeavours 
to  establish  this  glossarial  affinity  between  the  three  languages  or  families  of  lan- 
guages that  have  been  named,  and  the  Accadian,  The  hitter  he  regards  as  more 
closely  connected  with  the  Indo-European  languages  than  with  the  other  two. 
He  supposes  it  to  be  a  sister  language  to  the  primitive  Indo-European  Un* 

guage,  from  which  all  the  existing  languages  of  this  stock  are  descended;  and 
e  supposes  that  the  common  parent  of  these  two  (and  possibly  of  other  Turanian 
languages),  which  he  calls  the  Japhetic  language,  was  a  sister  to  the  Semitic 
and  Egyptian  languages.  The  linguistic  pedigree,  according  to  the  author's  view, 
is  found  in  fig.  6.  It  is  inferred  from  a  number  of  verbal  pedigrees,  such  as  that  of 
the  second  numeral  in  fig.  7,  in  which  it  is  to  be  observed  that  each  word  in  the 
verbal  pedigree  is  to  be  referred  to  that  language,  the  name  of  which  occupies  a  cor- 
responding position  in  the  linguistic  pedigree.  It  is  to  be  observed  also  that  the 
Egyptian  and  Accadian  words  are  directly  obtained  from  inscriptions  ;  but  all  the 
other  words  in  the  pedigrees  are  obtained  by  inference  from  what  is  otherwise  known, 
The  author's  principle  is,  that  when  of  the  corresponding  words  in  two  sister  lan- 
guages, one  is  known,  and  a  number  of  descendants  of  the  other  are  also  known, 
this  other  may  be  in  general  inferred  with  certainty.  His  mode  of  proceeding  k 
illustrated  by  the  numeral  for  "  two."  The  Egyptian  word  is  given  in  fig.  8.  It 
occurs,  Select  Papyri,  pi.  27.  1.  11,  where  it  follows  the  word  njJ»  *od  implies  that 
it  should  be  doubled.  Elsewhere  it  is  found  doubled.  The  identity  of  the  word  in 
both  its  forms  is  unquestionable  from  the  peculiar  monstrous  bird  which  it  signifies, 
by  a  representation  of  which  it  is  followed.  The  first  character  in  the  hieroglyphic 
name  might  be  read  indifferently  T,  TH  or  D ;  the  others  represent  W  and  Y,  one  of 
which  at  least  must  be  read  as  a  vowel.  The  Egyptians  introduced  vowel  letters 
much  earlier  than  the  Phoenicians  or  Hebrews  did ;  and  these  last  probably  learned 
the  use  of  them  from  them.  The  Accadian  word  is  used,  like  the  Egyptian  word, 
to  denote  duplication.  The  plural  of  the  word  signifying  a  city  is  written,  for 
example,  in  three  ways ;  and  it  should  be  observed  that  the  Accadian  plural  was 
formed  by  doubling  the  singular.  These  are  exhibited  in  fig.  9.  The  character  is 
doubled ;  or  the  syllable  mi  is  added ;  or  a  character  is  added,  which  has  beeo 
called  the  plural  sign.  It  is,  however,  composed  of  one  of  the  forms  for  sit  and 
is;  and  in  the  Syllabary,  K.  110,  it  is  directed  to  be  pronounced  stir.  It  might 
be  argued,  indeed,  that  the  Accadian  value  of  this  word  was  rather  "many" 
than  "  twice ;"  but  the  use  of  it  in  fig.  10  proves  decisively  that  this  was  not 
the  case.  Some  preliminary  explanation  is,  however,  required  before  the  force 
of  the  argument  drawn  from  this  use  of  it  can  be  seen.  It  has  been  stated  that 
Accadian  words  were  used  in  Assyrian  inscriptions,  in  place  of  Assyrian  words. 
When  the  words  were  verbs,  it  was  customary  to  add  to  the  Accadian  verbal  root 
the  termination  of  the  Assyrian  verb.  Thus  the  Accadian  root  signifying  "  to  go" 
was  du ;  and  we  have  in  the  upper  line  of  fig.  10  the  equivalent  forms  (da)  In 
and  illiku,  both  of  which  are  found  written  interchangeably,  but  the  latter  of  which 
was  always  read.  The  corresponding  English  verb  would  be  "  he  has  gone  j"  tbe 
final  u  not  being  a  sign  of  the  plural  number,  but  of  the  preterperfect  tense.  In  the 
following  line  we  have  three  forms  used  interchangeably,  which  represent  the  corre- 
sponding frequentative  verb  Utalaku,  "he  has  gone  repeatedly. '    The  Accadiaji 
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frequentative  verb  is  formed  by  duplication  j  it  is  d*-du.  This  gives  (d*-d*)  leu$ 
analogous  to  (du)  ku  of  the  preceding  line ;  and  for  this  we  have,  in  the  great  in- 
scription of  Tiglath  Pileser  I.  (du-mis)  ku.  In  this  instance,  it  is  impossible  to  assign 
any  value  to  mis  but  "  twice."  The  double  Accadian  form  mi,  mis,  analogous  to  the 
Sanskrit  dvi,  dvis,  and  to  the  similar  forms  in  Greek  and  Latin,  is  one  argument  out 
of  many  for  the  closer  connexion  of  the  Accadian  with  the  Indo-European  lan- 
guages than  with  the  Semitic  and  Egyptian  languages.  The  form  in  t  occurs  in  all 
the  languages  ;  the  adverbial  development  in  it  is  Japhetic,  being  common  to  both 
the  Accadian  and  the  Indo-European  languages;  but  the  adjectival  declension  is 
exclusively  Indo-European. 

Having  obtained  the  Accadian  form  from  the  inscriptions,  the  author  investigated 
the  other  forms  in  the  verbal  pedigree  by  inference  from  this  form  and  the  Semitic 
and  Indo-European  forms.  There  can  be  no  question  that  the  two  last  radicals  of 
the  primitive  Semitic  root  for  "  two"  were  vj.  Before  these  some  languages  had  }J}» 
and  others  ft ;  the  Arabs  having  their  peculiar  letter  Tka.  Again,  there  can  be  no 
question  that  the  primitive  Indo-European  form  had  v  or  w,  preceded  by  a  dental, 
before  f .  Now  m  is  interchangeable  both  with  its  fellow-nasal  n  and  with  its  cog- 
nate labial  v  or  to ;  whereas  no  direct  interchange  could  exist  between  n  and  v  or  w. 
It  necessarily  follows  that  the  primeval  form  had  m  before  t ;  and  as  a  double  change 
in  passing  from  the  primeval  to  the  primitive  Semitic  is  not  admissible,  and  as  tm  is 
an  unpronounceable  combination,  these  two  forms  must  hsve  been  thmi  and  Mat,  the 
th  being  pronounced  as  in  "  thin."  The  Japhetic  form  must  have  been  thmi,  and 
the  primitive  Indo-European  thm ;  but  in  the  last  two  words  the  th  may  have  been 
sounded  as  in  "  thy ;"  and  probably  was  so,  as  it  is  represented  by  d  in  the  great 
majority  of  existing  forms. 

This  may  serve  as  a  specimen  of  the  manner  in  which  verbal  pedigrees  have  been 
formed.  A  list  is  given  further  on  of  Accadian  words  with  the  primitive  Indo-Euro- 
pean and  Japhetic  words,  to  which  they  and  the  known  Indo-European  words  that 
correspond  to  them  conduct  us.  It  is  necessary,  however,  to  ascertain  the  original 
values  of  certain  Semitic  letters  which  occur  in  the  Accadian  words.  It  will  be  seen 
that  the  values  which  some  of  these  letters  had  subsequently  to  the  Babylonish  cap- 
tivity, were  very  different  from  what  they  had  when  the  Accadian  language  was  first 
committed  to  writing. 

In  the  Achaemenian  inscriptions  Sameeh  has  the  value  B,  and  Shm  SH.  The 
Sibilant  in  the  name  of  Darius  and  the  former  of  those  in  that  of  Hystaspes,  fig.  1 , 
are  represented  by  Shin,  and  in  the  first  kind  of  Pcrsepolitan  writing  by  SH ;  the 
latter  of  the  8ibilants  in  the  name  of  Hystaspes  is  represented  by  Sameeh,  and  by  8. 
This  is  in  conformity  with  received  opinion ;  but  when  we  go  back  to  the  Assyrian 
inscriptions,  we  find  a  very  different  state  of  things.  There,  in  the  Assyrian  repre- 
sentations of  foreign  proper  names,  the  Hebrew  Shin  is  represented  by  Sameeh ; 
although  in  the  roots  which  were  common  to  the  two  languages  Sameeh  corresponds 
to  Sameeh,  and  Shin  to  Skin,  no  matter  where  the  diacritical  point  of  the  Masoretes 
be  placed.  This  is  invariably  the  case  where  the  Shin  precedes  a  vowel  or  an  ordi- 
nary consonant,  or  terminates  a  word.  Where,  however,  it  precedes  Kaph  or  Qoph, 
Shin  and  Sameeh  seem  to  be  used  indiscriminately  in  Assyrian.  To  establish  these 
facts,  from  which  he  inferred  that  Shin  was  always  pronounced  by  the  Assyrians  as 
S,  and  that  they  used  SK  (which  they  represented  by  Sameeh)  for  the  Hebrew  SH, 
the  author  exhibited  the  following  transcriptions  of  Hebrew  names,  occurring  in  Assy- 
rian inscriptions,  with  the  vowels  used  by  the  Assyrians  represented  by  points. 
The  Masoretic  pointing  of  the  Hebrew  he  thought  it  useless  to  set  down. 


TICK 

_xy 

OvWV 

"r^T1? 

«ro 

9? 

VMHO 

°?S£ 

vxb 

« 

*QV 

*K 

poo 

w?» 

lV©N 

rq^?»  or  'tp 

pBDl 

&P&1 

"fOD 

7R  or  3fa? 

In  all  these  Hebrew  words  the  Shin  is  pointed  to  represent  SH.    When  S  was  to 
be  represented  in  a  foreign  name,  Ezra,  or  some  more  recent  editor,  has  invariably 
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substituted  Samech  for  the  Sm  that  was  originally  written.  That  SK  was  the  ori- 
ginal value  of  Samech  is  confirmed  by  the  value  of  the  Greek  letter,  which  corre- 
sponds in  figure  and  position  to  the  latter ;  which  is  KS,  and  which  was  originally 
SK.   It  is  also  confirmed  by  the  etymological  relation  of  *)D*  "  a  bowl/9  with  <naxfat 

and  *)D»  a  "  sword/'  with  {tyor.    What  the  Ephraimites  in  Judges  xiL  6  said,  whet 

desired  to  say  Shibboleth  (which  they,  like  the  Assyrians,  could  not  pronounce),  must 
have  been  Shibboleth.  It  is  SK,  and  not  S,  that  a  person  would  naturally  utter, 
who  was  making  an  unsuccessful  attempt  to  pronounce  SH. 

Prior,  however,  to  the  twelfth  century  B.C.,  the  date  of  the  earliest  existing 
Assyrian  inscriptions,  Samech  had  acquired  the  secondary  value  of  ST.  In  those 
forms  of  Assyrian  verbs  where  a  T  was  introduced  after  the  first  radical,  when  the 
first  radical  was  Skin,  Samech  was  used  for  the  double  letter.    Thus  we  have  \2DH 

from  XD$>  representing  astakan.  Also  when  the  affixes  of  the  third  person,  all  of 
which  begin  with  S,  were  attached  to  nouns  ending  in  T,  we  have  Samech  for  the 
ST,  which,  according  to  a  well-known  Semitic  analogy,  would  be  substituted  forTS. 
That  K  is  particularly  liable  to  be  replaced  by  T,  which  is  easier  to  be  pronounced, 
appears  from  the  languages  of  many  Polynesian  tribes,  and  from  the  first  attempts 
at  speaking  made  by  children  among  ourselves.  The  passage  of  K  into  T  appears  in 
the  verbal  pedigree  of  the  pronoun  of  the  second  person  (fig.  11).  It  is  evident  that 
the  T  was  derived  from  an  original  K  in  the  three  languages  independently  of  one 
another.  In  the  Egyptian,  T  was  substituted  in  the  feminine  gender,  the  original 
harsher  sound  being  retained  for  the  masculine.  In  the  Semitic  languages,  T  was 
substituted  for  K  in  the  independent  pronoun,  and  in  the  preformatives  and  aJbrm- 
atives  of  verbs,  K  being  retained  for  the  possessive  and  objective  affixes.  In  the 
Japhetic  languages  K  has  disappeared  altogether,  being  everywhere  replaced  by  a 
dental.  The  values  of  Samech  were,  therefore,  originally  SK  only ;  from  about  the 
13th  century  B.C.,  SK  and  ST,  the  latter  gradually  supplanting  the  other ;  and  from 
the  6th  century  B.C.,  S. 

Zayin  expressed  the  sonant  or  softened  sound  corresponding  to  the  second  value 
of  Samech,  that  is  ZD ;  and  from  the  6th  century  B.C.,  Z. 

Ttaddi  expressed  the  strengthened  sound  corresponding  to  the  above.  After  the 
6th  century  b.c,  it  represented  the  Arabic  Sad,  and  before  that  date,  the  combina- 
tion of  that  letter  with  Teth. 

Teth  represented  a  strengthened  TH.  With  the  vowel  a  after  it  Teth  is  generally 
confounded,  in  Assyrian  writing,  with  Daleth ;  and  Ttaddi  always  with  Zaym ;  bat 
they  are  distinguished  before  the  other  vowels.  Perhaps  it  may  be  fairly  inferred 
from  this,  that  Ma  was  pronounced  as  in  that,  but  thi  and  thu  as  in  thin  and  thmmb; 
always,  however,  with  the  peculiar  Semitic  strengthening  of  the  consonant. 

Qoph  is  another  strengthened  letter,  bearing  the  same  relation  to  Gimel  and  Kapk, 
that  Teth  bears  to  Daleth  and  Thu. 

Heth  must  also  have  been  a  strengthened  letter,  being  frequently  substituted  for 
Teth.  It  may  be  conjectured,  but  is  scarcely  capable  of  proof,  that  the  letters  to 
which  it  was  related  were  Ghayin,  pronounced  as  in  the  name  of  Gaza,  and  He. 

Aleph  is  usually  considered  to  denote  the  simple  commencement  of  utterance,  or 
the  absence  of  any  breathing  or  semivowel ;  and  this  certainly  seems  to  have  been 
its  value  in  all  the  Assyrian  inscriptions  which  are  extant.  If,  however,  we  go  back 
to  the  infancy  of  language,  we  shall  see  reason  to  think  that  Aleph  had  once  a  posi- 
tive value.  It  expresses  the  preformative  of  the  first  person  singular;  sometimes 
alone,  and  at  other  times  with  a  vowel,  which  is  evidently  one  of  connexion.  As  T 
represents  the  pronoun  of  the  second  person  singular,  and  N  that  of  the  first  person 
plural,  so  Aleph  represents  that  of  the  first  person  singular ;  and  this  must  have 
been  originally  something  substantial,  not  a  mere  negation  as  at  present. 

The  character  which  represents  the  preformative  with  the  vowel  a  as  a  link  of 
connexion,  is  that  which  as  an  ideograph  denotes  "  water"  (fig.  3).  It  represents 
other  Hebrew  letters  as  well  as  Aleph.     In  fig.  12  it  has  this  value,  that  is  JJ ;  but 

T 

in  fig.  13  it  represents  Hi  'in  figs*  14  and  15  * ;  and  in  fig.  15  it  also  represents  \ 

T  T  T 

It  is  probable  that  the  Hebrew  words  in  which  it  represents  initial  ya  were  originally 
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pronounced  with  tea.  This  seems  evident  in  the  case  of  ft'  "  wine/9  and  of  verbs 
like  ^tP'*  It  would  appear  then  that  the  letter  Aleph  passed  into  He  and  Vaw ; 
and  it  is  therefore  natural  to  suppose  that  its  original  value  was  HW,  which  would 
easily  do  this.  Indeed  there  is  no  sound  which  would  be  likely  to  be  dropped  that 
Aleph  could  represent  except  this,  H,  W  and  Y  having  other  letters  to  represent  them. 
In  confirmation  of  this,  it  is  to  be  observed  that  mu  is  the  pronominal  root  of  the 
first  person  in  Accadian ;  and  the  Indo-European  objective  me  implies  the  existence 
of  a  nominative  mu,  from  which  it  would  be  derived  as  te  from  tu.  The  transition 
of  Aw  into  m  is  exceedingly  common :  see  the  annexed  Table.  The  Japhetic  form 
would  then  be  kwu,  the  Semitic  and  Egyptian  ft  or  ft,  the  vowel  being  unsettled. 

\  T 

By  adding  Jcu,  "  here/9  to  the  primeval  hum,  we  have  kwu-ht,  changed  for  euphony 
into  hwdku  or  hwiku,  "I  here."  This  became  the  Indo-European  iku,  and  with  the 
verb  of  presence  hwan-hwdlcu,  properly  "  adsum,"  and  not  used  till  a  late  period  for 


!  character  for  "water"  was  in  Accadian  hwa ;  generally  used  in  the  plural  as 
hwa-hwa.  These  were  Japhetic  forms ;  and  from  them  we  have  the  Indo-European 
ahwa,  and  from  the  singular  form  ma,  wa,  vri,  t#,  all  of  which  are  in  use.  The  Semitic 
mi  and  mami  and  the  Egyptian  mu  are  clearly  connected  with  them. 

The  following  is  a  list  of  the  verbal  pedigrees,  several  of  them  imperfect,  which 
have  been  obtained  by  me.  Of  the  numerals  with  which  it  begins,  the  Accadian 
words  for  "  three"  and  "  four"  are  less  to  be  depended  on  than  the  rest.  It  is  sup- 
posed that  the  second  character  in  fig.  1  represents  "a  set  of  three,"  three  bars  or 
other  objects  connected  by  a  string;  that  the  Accadian  name  of  this  was  the  phonetic 
value  of  the  character  ri ;  while  the  Semitic  word  corresponding  to  this,  tal  (whence 
talit  in  the  feminine),  was  a  second  phonetic  value,  as  in  fig.  10.  The  analogy  of  the 
numeral  for  "two"  favours  this  view.  It  is  supposed  again  that  a  rhombus  or  four- 
sided  figure,  of  which  the  phonetic  value  was  ut,  represented  the  Accadian  word  for 
"four,"  as  four  small  horizontal  wedges  represented  the  corresponding  Semitic 
word.  The  equivalence  in  value  of  these  characters  seems  probable,  though  it  has 
not  been  demonstrated.  Here  again  the  analogies  of  Nos.  11  and  12  corroborate  the 
pedigree. 

No.  1.  ana  3ft  "one,"  Ac.  hwana;  I.E.  hwan ;  J.  hwan. 

No.  2.  (See  above),  Ac.  mi;  I.E.  ihm ;  J.  thmii  E.  Ms*;  S.  thni;  Pr.  Mats. 
No.  3.  (See  above),  Ac.  rt(?);  I.E.  frt;  J.  tri;  S.  tal;  Pr.  tar. 
No.  4.  (See  above),  Ac.  hut(l);  I.E.  hwat-war  "four  complete"  and  ahwt-au 
"two  fours,  i.  e.  eight;"  J.  ahwat,  hwat;  E.  of  at;  Pr.  ahwat. 

No.  5.  iya  ftft  "  five;"  Ac.  hwihwa;  I.E.  hwinhwi;  J.  hwinhwa;  E.  thihw;  S.hinth; 

Pr.  hwinhw. 

No.  6.  as ;  Ac.  has;  I.E.  site;  J.  sahs;  S.  sas;  Pr.  sahs. 

No.  7.  (See  above),  Ac.  mu;  I.E.  mu,  mi;  J.  hum;  E.  and  S.  ft ;  Pr.  hwu;  I.E. 
iku  "  I  here  ;"  J.  huriku ;  S.  hwan-hwalcu  "  It  is  I  here  ;"  E.  "Jft-Jtt ;  Pr.  hwa-ku 
and  hwi-hi,  by  euphonic  change  for  hwu~ku  "  I  here." 

No.  8.  Ac.  zdu ;  I.E.  stu,  sti ;  J.  stu ;  E.  and  S.  3  and  D  i  Pr.  iku. 

No.  9.  «#  ha,wa  ft  "water;"  Ac.  hwa  and  hwa- hwa ;   I.E.  ma,  wa,  tri,  u  and 

T 

ahwa ;  J.  and  Pr.  hwa,  and  in  plural,  hwahwa  ;  E.  mu ;  S.  mi  and  mami. 

No.  10.  igh  Jfft  "  a  house;"  Ac.  hwigh  ;  I.E.  hwifc  ;  J.  and  Pr.  hwih  ;  E.  pi. 

No.  11.  us  "a  male;"  Ac.  hus;  I.E.  mas;  J.  hwas. 

No.  12.  un  "  a  man;"  Ac.  hun  ;  I.E.  man;  J.  hwan ;  cf.  No.  1  ;  observing  that  the 
character  for  "  one"  is  used  as  determinative  of  names  of  men.  The  connexion  of 
the  last  two  roots  with  tt^ft  and  {J^Jft  is  by  no  means  impossible,  though  certainly 
not  to  be  relied  on. 

No.  13.  "A  king,"  Ac.  man ;  I.E.  and  J.  hwan. 

No.  14.  "A  lion,"  Ac.  lig  ;  I.E.  and  J.  lihw ;  S.  lith,  lavi;  E.  lavo. 

No.  15.  "A  jaw."  Ac.  ha;  I.E.  kafoo. 

To  these  might  be  added  sku,  the  Accadian  word  for  "  a  skin,"  and  perhaps  others. 
Now  it  must  strike  a  person  at  first  sight,  that  the  above  words  are  much  better  re* 
presented  in  the  Greek,  Latin,  and  Teutonic  languages  than  in  the  Sanskrit.    The 
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first  on  the  list,  and  all  those  after  the  ninth  have  no  representative*  at  all  in 
Sanskrit ;  and  of  the  eight  which  have  Sanskrit  representatives,  it  is  ooly  in  die  esse 
of  the  numerals  for  "two"  and  "three"  that  they  come  anything  like  as  near  to  the 
primitive  Indo-European  forms  as  the  Classical  or  Teutonic  representatives  of  the* 
words.  It  thus  appears  that,  contrary  to  what  has  been  generally  thought  of  late 
years,  so  far  as  the  roots  are  concerned,  the  Greek,  1a tin  and  Teutonic  forms  ap- 
proach the  nearest  to  the  primitive  forms ;  while  the  Sanskrit  deviates  from  them 
most. 

Even  as  respects  the  verbal  terminations,  where  the  Sanskrit  is  more  to  be  de- 
pended on,  it  appears  that  Bopp  has  given  more  weight  to  its  testimony  than  it 
deserves.  He  considers  the  ST  of  the  second  person,  preserved  in  English  and 
German  to  this  day,  and  found  also  in  the  Latin  and  Annoric  preterperfects,  to  coo- 
tain  an  unorgantc  addition ;  whereas  it  appears  from  what  has  been  said  that  m  and 
at  are  the  commencements  of  the  primitive  Indo-European  pronouns  of  the  first  and 
second  persons  singular.  It  is  now  manifest  that  the  original  declension  of  the 
Latin  present  was  rtg-u-m,  rff-t-#/...r€y-*-mii#,  reg-i-atti.  The  tt  was  reduced  to* 
in  the  singular  and  to  /  in  the  plural;  just  as  in  the  separate  pronoun  it  was  reduced 
to  *  in  Greek  and  to  *  in  Latin. 

The  increased  value  of  the  Greek  and  Latin  forms  given  to  them  by  this  discovery 
renders  it  more  than  ever  important  to  ascertain  what  they  were  in  the  earliest 
periods.  It  is  known  that  while  the  Greek  which  has  come  down  to  us  is  written  with 
an  alphabet  of  twenty-four  letters,  the  Greeks  had  at  first  only  sixteen.  It  is  there- 
fore a  question  of  great  interest  what  these  sixteen  letters  were ;  and  in  connexion 
with  this  it  has  to  be  considered  how  the  Greeks  originally  wrote  words  which  were 
subsequently  written  with  the  newly  introduced  eight  letters.  That  the  Greeks 
derived  their  letters  from  the  Phoenicians  is  generally  admitted  j  and  both  the  names 
that  are  given  to  most  of  them  and  their  forms  prove  that  this  is  the  case.  The 
vowels  of  the  original  alphabet  were  the  three  Semitic  breathings,  Aiepk,  He,  and 
Afin.  Vow  and  Yod  retained  their  original  values,  and  represented  the  semivowels 
W  and  Y.  Of  the  remaining  seventeen  Semitic  letters  there  were  six  which  repre- 
sented either  combinations  of  consonants,  or  those  strengthened  consonants  which 
were  peculiar  to  the  Semitic  languages.  These  six  were  rejected  by  the  Greeks. 
The  remaining  eleven  with  the  three  vowels  and  the  two  semivowels  constituted  the 
original  alphabet.  These  were  the  first  twenty  letters  of  the  full  alphabet,  with  the 
exception  of  Z,  H,  6  and  S.  An  old  Greek  Scholiast  expressly  affirms  that  these 
were  the  sixteen  original  or  Cadmean  letters ;  and  the  fanciful  theories  of  modern 
writers  in  England  and  on  the  Continent,  in  opposition  to  this  statement,  are  un- 
worthy of  the  slightest  attention.  Two  different  sets  of  four  letters  were  added  to 
the  original  sixteen  in  different  parts  of  Greece.  In  certain  districts  the  four  excepted 
letters  given  above  were  added ;  but  H  was  used  as  an  aspirate,  not  as  a  long  vowel. 
In  other  districts  H  was  added  as  an  aspirate,  and  along  with  it  9,  *,  and  X  as  com- 
pound aspirates.  Prior  to  the  introduction  of  H,  its  place  was  supplied  by  2,  which 
was  originally  pronounced  as  a  sibilant  in  the  masculine  article  SO  and  many  other 
words,  and  which  afterwards  retained  its  place  in  the  word  when  an  aspirate  ooly 
wss  sounded  there.  This  was  the  2av  Ktfioakov  of  the  fragment  of  Pindar.  About 
the  time  when  H  was  introduced  as  an  aspirate,  the  semivowels  lost  their  original 
values,  except  in  the  diphthongs ;  and  were  used  to  express  modifications  of  the  on- 
ginal  vowels  E  and  O.  The  jEolians  retained  the  semivowel  for  W,  as  well  as  the 
new  vowel  which  the  other  Greeks  substituted  for  it ;  but  neither  this  additional 
letter  nor  the  Koppa  ever  formed  part  of  the  regular  Greek  alphabet.  At  the  time 
when  Z  and  S  were  first  added  to  the  alphabet,  which  must  have  been  before  1000 
B.C.,  their  values  were  ad  and  <tk  respectively.  By  combining  together  the  letters 
added  in  different  parts  of  Greece,  an  alphabet  of  twenty-two  letters  was  formed. 
The  values  of  Z  and  S  having  been  changed  from  those  just  stated  to  do-  and  «<r, 
Simonides  added  a  twenty- third  letter,  vtr  ;  and  he  then  completed  the  alphabet  by 
adding  the  long  Q  at  the  end ;  changing  at  the  same  time  the  value  of  H  from  an 
aspirate  to  a  long  vowel. 

It  appears  from  what  has  been  said  that  in  the  earliest  Greek  writing  the  vowels 
E  and  O  were  used  to  express  what  were  afterwards  divided  into  two  vowel  sounds; 
the  former  comprehending  B  and  I,  the  latter  0  and  ¥•    In  like  manner,  the  < 
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nants  K»  II  and  T  were  used  to  express  not  only  the  sounds  that  were  afterwards 
expressed  by  those  letters,  but  also  those  that  were  afterwards  expressed  by  X,  * 
and  9.  It  is  important  to  attend  to  this;  as  the  mode  of  spelling  which  prevailed 
before  this  distinction  was  made,  was  for  the  most  part  retained  in  roots  and  even 
in  suffixes  of  derivation.  Thus  ircVrf,  ircftirror  might  be  intended  to  express  not 
only  the  words  which  those  letters  would  represent  when  the  alphabet  was  com- 
pleted, but  also  *iv$t,  &ifi<f>&ott  and  so  in  other  instances.  Analogy  leads  us  to 
think  that  if  the  twenty-four  letters  had  been  all  in  use  when  the  language  was  first 
written  down,  these  words  would  have  been  written  in  the  last- mentioned  mode. 

In  these  instances  the  ancient  spelling  has  been  preserved,  but  the  pronunciation 
which  it  suggests  has  been  changed.  In  other  instances  the  spelling  has  been 
altered ;  and  there  is  particular  need  to  attend  to  that  change  of  spelling  which  was 
occasioned  by  the  dropping  of  the  semivowels  and  the  change  of  2  to  H,  and  this 
again  to  a  sign  of  aspiration  which  was  dropped  in  the  middle  of  a  word,  and  not 
always  expressed  at  the  beginning  of  one.  The  examples  of  6,  17,  originally  20, 
2IA,  then  HO,  HIA,  or  HA,  and  of  (fe&uw,  originally  2YANAAN0,  will  sufficiently 
illustrate  what  is  meant. 


On  the  supposed  Biblical  Names  of  Baalbec,  and  on  the  position  of  Baalgad* 
By  John  Hogg,  M.A.f  F.R.S.,  L.S.f  R.G.S.  fyc,  Foreign  Secretary  of 
the  Royal  Society  of  Literature. 

The  author  began  this  communication  with  some  remarks  on  the  vast  interest 
which  has  recently  become  attached  to  the  geography,  both  historical  and  physical, 
of  the  Bible ;  especially  since  the  important  geographical  and  topographical  excava- 
tions and  discoveries  in  ancient  Assyria,  and  other  parts  of  the  East,  have  thrown 
fresh  light  upon  many  portions  of  Scripture.  Also,  as  regards  the  cartography  of 
Syria  and  Palestine,  much  had  been  done  of  late  years  by  Russegger,  Robinson, 
Porter,  Van  de  Velde,  and  the  officers  of  the  American  Survey.  The  author  said, 
that  notwithstanding  these  great  additions  to  science,  he  felt  satisfied  that  much  stilt 
remained  uncertain  respecting  the  natural  positions  of  many  of  the  valleys  and  river* 
courses  in  both  Lebanons,  a  more  correct  knowledge  of  the  heights  of  the  chief 
mountains,  the  magnetic  influences,  and  certain  meteorological  phenomena. 

Considering  that  Baalbec  had  been  so  long  known  to  travellers  and  artists,  and 
its  magnificent  ruins  so  often  visited  and  described,  it  was  a  remarkable  fact  that  its 
BibUcal  name  remained  at  this  day  undetermined.  And  it  was  further  remarkable, 
that  history  has  not  preserved  the  name  of  its  founder,  or  recorded  in  what  year  of 
the  world  it  was  begun  to  be  built.  As  a  Roman  colony  at  the  commencement  of 
the  Christian  era,  under  the  name  of  "  Hcliopolis,"  it  bore  the  title  of  "Julia 
Augusta,"  derived  from  its  benefactors,  Julius  and  Augustus  Caesars. 

The  author  then  showed  that  it  could  not  answer  in  geographical  details  to 
Baalath,  or  Baal-Hamon,  or  Balamo,  or  Baal  Hermon,  or  BasJah,  or  Baalgad,  of 
the  Scriptures.  Dr.  Robinson  of  America  imagines  with  much  probability,  that  the 
prophet  Amos,  in  chap.  i.  v.  5,  alluded  to  Baalbec  (HeliopoUs)  and  its  idol- worship, 
where  he  mentions  "  the  plain  of  Awn,"  or  as  it  is  given  in  the  margin  of  the  Bible, 
"  Bikath  Aven."  This  would  seem  to  refer  to  the  plain  of  Coelesyria,  or  the  Bukaa* 
meaning  a  "  valley,"  which  lies  between  the  Lebanons,  or  the  range  of  Libanus,  and 
that  of  Anti-Libanus.  Mr.  Hogg  observed  that  this '  allusion '  had  long  ago  occurred 
to  the  traveller  Maundrell,  and  to  Dr.  Wm.  Lowth.  The  Septuagint  translators 
having  rendered  the  Hebrew  word  'Aven'  by  Oa— the  HeliopoUs  of  Egypt — thought 
the  same.  As  this  word  'ON  is  supposed  to  mean  in  Egyptian  the  sun,  so  the  Sep* 
tuagint  rightly  translated  it  Heliopolis ;  consequently  Bikath  Aven  would  signify  the 
Bukaa  On,  or  '  plain  of  On;'  that  is  to  say,  the  plain  or  valley  of  Heliopoli*. 

The  author,  in  this  supposition,  agreed  with  those  writers,  and  he  further  remarked 
that  the  word  Baalbec  has  the  same  meaning  in  Aramaic  or  ancient  Syriac,  viz.  the 
"  Sun-city." 

In  the  next  place,  as  to  the  geographical  position  of  Baalgad,  Mr.  Hogg,  having 
demonstrated  from  the  descriptions  contained  in  Scripture,  that  it  could  not  coincide 
with  the  site  of  Baalbec,  as  has  been  strongly  urged  by  many  authors,  < 
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that  Dr.  Robinson's  supposition  of  Baalgad  having  been  "  no  other  than  the  i 
grotto/'  Panium  near  Paneas,  now  called  Banias,  was  qaite  untenable.  He,  on  the 
contrary,  conceived  that  the  ancient  and  long-lo9t  Baalgad  must  have  stood  either  in 
Wadi  £'  Teim,  or  in  a  neighbouring  smaller  valley  of  Lebanon,  on  the  west  of,  and 
under  Mount  Hermon,  named  at  this  day  the  '  Mountain  of  the  Chief/  or  Gekel  £* 
Sheikh.  Indeed,  he  said  that  a  hope  might  be  entertained  that  among  the  numerous 
ancient  ruins  and  temples  still  remaining  in  the  Wadis  near  the  Lebanon,  some 
vestiges  of  Baalgad  might  yet  be  discovered,  when  more  careful  explorations  shall 
have  been  made,  in  the  secluded  western  gorges  adjacent  to  the  noble  Hermon. 

Mr.  Hogg  pointed  out  the  supposed  position  of  Baalgad,  as  it  accorded  with  the 
accounts  of  Holy  Writ,  on  a  sketch  map  which  he  had  coloured  and  drawn  on  a 
scale  eight-times  enlarged,  from  a  part  of  Kiepert's  "  New  Map  of  Palestine  and 
Caelesyria,"  1856,  extending  from  nearly  33°  U'  to  34°  north  latitude,  and  from 
about  35°  35'  to  36°  1 1'  east  longitude ;  and  he  also  explained  from  it  the  sites  of 
other  Biblical  localities,  as  well  as  the  present  courses  of  the  principal  rivers  in  that 
portion  of  Syria. 

On  (he  Cause  of  the  Mild  Winter  Temperature  of  the  British  Islands. 
By  T.  Hopkins. 

In  this  paper  the  writer  combated  the  opinion  that  the  mUd  winter  temperature  of 
the  north-western  part  of  Europe  is  attributable  to  the  warm  ocean  stream  that  flows 
from  the  Gulf  of  Mexico  into  the  Atlantic  Ocean.  He  denied  that  the  mere  con- 
tiguity of  a  warm  current  makes  the  adjoining  country  warm.  In  support  of  this, 
it  was  shown  that  the  parts  of  America  close  to  the  Gulf  and  the  warm  stream,  ait 
not  warmed  by  them.  On  the  contrary,  Louisiana  and  Florida,  notwithstanding 
their  vicinity  to  the  warm  water,  were  shown  to  have  cold  winter  climates ;  and  this 
character  attaches  to  the  sea-board  of  America  that  extends  parallel  with  the  Golf- 
stream. 

It  was  shown  that  Dove's  Isothermal  line  for  the  month  of  January,  of  50°  Fahr., 
passed  over  the  45°  of  latitude  in  the  Pacific  Ocean,  but  that  it  descended  to  the  3*ad 
degree  near  the  Gulf  of  Mexico,  and  when  crossing  the  warm  Florida  stream  the  lioe 
rose  but  little;  yet  as  it  passed  to  the  middle  of  the  Atlantic  it  ascended  to  the  same 
latitude  that  it  passed  over  in  the  Pacific,  thus  showing  that  it  was  as  cold  over  the 
warm  stream  in  a  southern  as  in  the  middle  of  the  Atlantic  in  a  northern  latitude. 
Extracts  were  given  from  Dr.  Scoresby's  paper  on  the  temperature  of  the  northern 
Atlantic,  in  which  it  was  shown  that  the  cold  current  which  flows  from  Baffin's 
Bay,  and  passes  the  island  of  Newfoundland,  intervenes  between  the  Gulf-stream 
and  the  ocean  to  the  north  of  40°  of  latitude,  stopping  its  progress  east  in  that 
latitude.  These  facts,  it  was  contended,  showed  that  the  warm  wafer  of  the  Gulf- 
stream  flowed,  as  described  by  Humboldt,  towards  the  Azores,  and  therefore  could 
not  warm  the  north-west  parts  of  Europe. 

It  was  stated  also  that  an  ocean  current  runs  from  7°  of  south  latitude  along  the 
Brazilian  and  eastern  Patagonian  coasts,  but  that  it  no  more  warms  those  countries 
than  the  Gulf- stream  does  the  adjacent  parts  of  America,  all  these  countries  being 
dry  and  cool  in  the  winter  season.  It  was  contended  that  the  mild  winter  climate 
of  the  British  Islands  was  due  to  copious  condensation  of  vapour  brought  from  the 
surface  of  the  Atlantic  Ocean.  This  vapour  is  condensed  freely  in  the  winter  and 
warms  the  atmosphere,  the  vapour  giving  out  its  heat  of  elasticity  to  the  air,  this 
warmth  extending  to  other  parts  in  proportion  to  the  amount  of  vapour  condensed. 
The  Isle  of  Skye  in  Scotland  is  warm  in  the  winter,  and  it  is  recorded  that  more  rain 
had  fallen  in  that  bland  in  the  single  month  of  January  than  falls  in  Paris  or  London 
in  a  year. 

Instances  were  given  of  sudden  changes  of  winter  weather  from  cold  to  warm,  in 
Manchester  and  Paris,  under  circumstances  which  proved  that  much  heat  was 
brought  to  those  parts  in  vapour.  Other  parts  of  the  world,  distant  from  the  tro- 
pics, were  also  pointed  out,  which  were  rendered  warm  in  their  winters  by  conden- 
sation of  vapour,  and  not  through  the  contiguity  of  a  warm  ocean.  The  north-west 
coast  of  America,  up  to  the  latitude  of  60°,  has  as  warm  a  winter  climate  as  the 
western  coast  of  Europe  in  the  same  latitudes.    And  Western  Patagonia  and  Cape 
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Horn,  extending  from  40?  to  54°  of  latitude,  have  very  warm  winters,  although  the 
ocean  that  laves  their  shores  is  cold  ;  but  the  winter  rains  are  heavy  and  constant. 
The  general  conclusion  drawn  in  the  paper  was,  that  the  British  Islands,  as  well 
as  many  other  countries  in  cold  latitudes,  but  which  have  warm  winters,  have  their 
winter  climates  determined  by  condensation  of  vapour. 


On  the  application  of  a  Decimal  Scale  to  the  construction  of  Maps. 
By  W.  Hughes,  F.R.G.S. 

The  writer  urged  the  desirability  of  using  a  system  of  decimal  scales,  not  merely 
in  the  case  of  the  national  surveys  undertaken  by  the  governments  of  different  nations, 
but  as  a  principle  which  might  with  advantage  be  adopted  in  all  maps,  of  whatever 
size,  and  which  would  prove  especially  valuable  in  those  designed  for  educational 
purposes.  The  Ordnance  Map  of  Great  Britain  contrasts  disadvantageous^  with 
the  national  surveys  of  other  countries,  in  the  fact  that,  of  the  different  scales  used 
from  time  to  time  in  its  construction,  no  one  of  the  number  bears  a  decimal  ratio  to 
the  earth's  quadrant.  In  the  case  of  ordinary  maps,  where  uniformity  of  scale  is  un- 
attainable, the  various  scales  employed  might  yet  always  bear  a  decimal  ratio  to  one 
another.  In  proof  of  this,  the  paper  was  accompanied  by  a  series  of  projections, 
such  as  might  be  used  for  the  various  maps  embraced  within  an  ordinary  Atlas. 

Thus,  supposing  Europe  to  be  drawn  on  a  scale  of  10  ^  000>  Asia  and  Africa  would 

be  delineated  on  exactly  half  that  measure,  or  80<KK)060  ;   North  and  South  America 

on  a  scale  of  15t000>000.  A  scale  of  a>aooow  would  correspond  to  the  required 
dimensions  for  a  map  of  the  British  Islands,  and  also  for  maps  of  France,  Spain, 
Prussia,  Austria,  Turkey,  Italy,  &c.     Switzerland,  Holland,  Belgium,  Greece,  and 

other  countries  would  be  on  a  scale  of  500000.  The  same  principle  might  of  course 
be  adopted  in  the  case  of  divisional  maps,  such  as  the  counties  of  England,  for 
example.    Thus  if  the  allotted  size  would  allow  of  Surrey  being  drawn  to  a  scale  of 

l000fHi>  Lancashire  (a  larger  county)  might  be  on  200000  of  the  natural  measure,  and 
so  on. 

The  writer  pointed  out  the  advantages  attendant  on  the  use  of  such  a  system, 
in  the  facility  of  comparison  between  different  maps,  and  in  the  more  definite 
character  which  might  be  given  to  the  features  which  the  maps  drawn  on  progressive 
scales  would  embrace.  For  educational  uses  especially,  the  value  of  attention  to 
such  points  can  hardly  be  over-rated.  It  is  from  maps  that  our  ideas  of  distance 
and  magnitude,  in  respect  of  geographical  objects,  are  chiefly  derived  in  early  life, 
and  no  after-teaching  will  counteract  the  erroneous  impressions  that  are  often 
imbibed  at  that  period.  Proportionate  distances  and  magnitudes,  referred  to  an 
easily-comprehended  standard,  are  the  basis  of  all  sound  geographical  knowledge. 


On  Routes  from  Lima  to  the  Navigable  Branches  of  the  Amazon,  wit/i  Notes 
on  Eastern  Peru  as  a  field  for  Colonization.   By  Santiago  Jackson. 

The  first  part  of  this  paper  was  on  some  geographical  details  of  no  great  interest. 
On  the  subject  of  colonization,  it  was  stated  that  a  colony  of  200  or  300  Europeans 
desirous  of  settling  on  the  eastern  slope  of  the  Amazon,  ought  to  arrive  at  Lima  in 
April  or  May,  and  have  a  depot  of  food  provided  at  their  destination  beforehand, 
enough  to  last  about  four  months,  at  the  end  of  which  time  they  would  be  able  to 
live  on  the  produce  of  their  fields.  Neglect  of  this  precaution  has  caused  the  failure 
of  several  attempts  at  colonization,  for  the  natives  cannot  supply  any  unexpected 
demand. 

The  resources  of  the  Amazon  territory  are  unsurpassed  in  the  world.  It  will 
produce  any  quantity  of  sugar,  coffee,  tobacco,  indigo,  cochineal,  rice,  and  cotton. 
The  latter  is  better  than  any  grown  in  the  United  States,  except  the  Sea  Island. 
Cinchona  bark,  dye-woods  of  various  kinds,  india  rubber,  and  gutta  percha  have 
been  discovered.    Cedar  trees  of  enormous  size  abound ;  but  the  forests  are  encum- 
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tared  by  dense  brushwood,  through  which  one  must  cat  one's  way.  Savannahs  are 
found  in  a  few  places.  Gold,  silver,  copper,  iron,  sulphur,  cinnabar,  coal,  and  other 
minerals  are  known  to  exist.    The  rivers  swarm  with  fish. 

The  climate  varies  in  different  localities  ;  it  is  healthiest  highest  np  the  riven.  The 
country  in  its  wild  state  is  liable  to  low  intermittent  fevers,  which  however  in  great 
part  disappear  when  it  is  cleared. 

The  Peruvian  Government  is  prepared  to  make  large  pants  of  land  and  give  ex- 
tensive rights  of  self-administration  to  European  colonies  in  the  valley  of  the  Amazon. 

A  short  Statement  of  Discoveries  in  Southern  Africa. 
By  the  Rev.  Dr.  Livingstons. 

On  (he  Sources  and  Origins  of  Human  Races  and  their  Languages,  mare 
especially  the  Celtic.    By  W.  Macdonald,  MJ). 

On  the  Final  Arctic  Searching  Expedition. 
By  Clements  R.  Markham. 
The  search  for  Sir  John  Franklin's  expedition  has  been  continued  with  untiring 
energy  until  no  less  than  21,500  miles  of  coast-line  has  been  examined;  and  the 
search  for  traces  of  the  missing  ships  has  been  contracted  within  those  narrow  limits 
bounded  by  the  western  shores  of  Boothia,  King  William's  Island,  and  the  space 
occupied  by  a  strait  or  deep  inlet  from  Osborn  and  Wynniath's  farthest,  to  Victoris 

Channel. 

Thither  the  Expedition  commanded  by  Captain  M'Clintock,  the  father  of  Arctic 
travelling,  has  proceeded,  to  solve  the  mystery  which  has  so  long  hung  over  the  fate 
of  our  gallant  countrymen.  *^_    *^     ^     *    *  * 

His  intention  is,  after  ascertaining  the  safety  of  the  abundant  stores  of  proviso** 
left  on  Beechey  Island  and  in  Leopold  Sound,  first  to  examine  the  state  of  the  ice  is 
Peel  Strait,  and  his  prospect  of  success  in  this  direction  appears  to  be  very  hopeful 
But  should  he  fail  in  his  endeavour  to  force  his  way  down  it,  it  is  almost  certain  that 
he  will  have  been  able  to  reach  such  a  position  down  Prince  Regent's  Inlet,  as  to 
complete  the  search  by  travelling  parties  in  the  ensuing  spring. 

The  Expedition  which  sailed  last  July,  differs  from  any  preceding  one,  from  the 
important  fact  that  its  commander  knows  the  exact  spot  to  which  his  search  should 
be  directed.  He  has  gone  forth,  single-handed,  to  complete  the  search  for  this  most 
heroic  body  of  men,  with  the  determination  of  clearing  up  the  mystery  which  has  so 
long  hung  over  their  fate,  and  of  crowning  his  long  and  weary  labours  with  success. 

It  is  satisfactory  to  find  that  an  officer  who  has  searched  from  the  very  first,  in 
every  expedition,  through  Lancaster  Sound,  will  now,  in  all  probability,  have  the 
glory  of  completing  this  deeply  interesting  work ;  and  I  am  certain  that  everyone 
here  will  unite  in  wishing  him  all  the  success  that  his  noble  perseverance  so  well 
deserves* 

On  the  MacrocephaU  of  Hippocrates.    By  Dr.  Minchin. 

The  singularity  of  cranial  outline  which  constituted  so  remarkable  a  character  in 
the  appearance  of  the  ancient  MacrocephaU  as  to  have  induced  Hippocrates  to  assert 
that  noother  nation  had  heads  in  the  least  resembling  them,  presents  us  with  a 
problem,  which,  however  curious  and  interesting  as  a  matter  of  speculation  and 
inquiry,  is  nevertheless  beset  with  difficulties  of  a  practical  nature  when  we  come  to 
examine  and  compare  the  different  statements  to  be  found  in  the  works  of  Strabo, 
Pliny,  Mela,  and  others,  regarding  this  singular  people. 

The  author  of  the  paper  referred  to  the  various  accounts  of  the  "  long-heads,"  as 
given  by  the  several  ancient  authors.  From  these  he  endeavoured  to  show  that  they 
were  probably  not  a  distinct  race  or  tribe;  that,  however,  in  a  particular  district  near 
the  south-east  of  the  Black  Sea,  a  certain  form  of  cranial  elongation  appeared,  and 
that  the  individuals  so  constituted  were  possessed  of  mental  endowments  of  a  peculiar 
kind.    Thus,  Hippocrates  says  that  "  they  were  considered  most  noble  who  bad  the 
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longest  heads ;"  and  Mela  describes  the  long-heads  as  being  "  minus  feri"  than  the 
other  tribes  in  their  vicinity.  The  author  conceives  that  a  recognition  of  this  mental 
superiority  may  probably  have  suggested  originally  the  practice  of  infantile  skull- 
compression,  the  people  ignorantly  supposing  that  the  elongation  could  be  imitated 
by  art  and  would  be  followed  by  a  corresponding  improvement  of  the  mental  capa- 
city. A  remarkable  passage  in  the  eleventh  Book  of  Strabo  lends  likelihood  to  this 
supposition.  In  this  passage,  a  certain  tribe  is  said  to  have  anxiously  endeavoured 
to  appear  excessively  long-headed  and  to  have  foreheads  projecting  over  their  beards. 
The  author  commented  at  some  length  upon  statements  in  the  writings  of 
Tschudi,  Wagner,  Meyer  and  Rathkl,  all  of  whom  have  endeavoured  to  prove  that 
the  Macrocephali  had  heads  of  the  acuminated  form  which  is  found  among  those  of 
the  Peruvians.  In  opposition  to  these  views,  he  adduced  the  case  of  the  first  Macro- 
cephalic  head  which  had  been  found  in  the  East,  namely,  that  sent  by  Asche  to 
Blumenbach,  and  figured  by  the  latter  in  the  '  Decades  Craniorum.'  This  head  was 
elongated  antero-posteriorly,  and  was  of  a  wholly  different  stamp  from  Peruvian 
pointed  heads.  The  author  proved  by  a  reference  to  numerous  instances  of  an 
exactly  similar  head-form,  that  this  elongation  was  a  natural  shape.  He  entered 
into  a  brief  anatomical  description  of  the  cause  of  the  elongation  of  these  heads,  and 
exhibited  to  the  Section  some  well-marked  examples  ;  one  of  these  was  the  skull  of 
a  child  aged  three  and  a  half  years,  whom  m  "had  seen  during  life.  In  this  cranium 
could  be  seen  the  central  vertical  point  of  ossific  origin,  from  which  sprang  originally 
a  single  os  bregmatis  in  place  of  two  parietals.  The  absence  of  an  interparietal  (or 
sagittal)  suture  at  this  early  age,  was  considered  by  those  present  as  a  remarkable 
feature  of  this  cranium.  But  in  fact  all  the  long-heads  with  overhanging  foreheads 
have  this  same  constitution  of  the  vertex.  It  is  this  original  central  ossification 
which  gives  a  fixed  character  to  the  shape  of  the  middle  region  of  the  head,  and  pre- 
cludes the  enlargement  of  the  skull  in  a  transverse  direction  during  the  period  of 
growth ;  the  skull  therefore  is  obliged  to  enlarge  excessively  in  some  other  direction 
wherever  the  open  sutures  permit,  and  the  result  is  a  decided  elongation  fore-and- 
aft.  In  the  organic  kingdoms  it  has  been  observed  that  occasionally  very  singular 
varieties  will  occur,  which  seem  to  be  almost  a  distinct  species,  capable  of  repro- 
ducing similar  varieties;  these,  however,  disappear,  and  afterwards  reappear  spo- 
radically at  irregular  intervals.  Now,  in  several  countries  of  Europe  within  com- 
paratively few  years,  many  instances  of  skulls  have  been  observed,  having  the  ana- 
tomical characters  described  above, — the  elongated  shape,  overhanging  forehead, 
vertical  ossification.  The  author  conceives  that  it  is  more  consistent  with  the  prin- 
ciples of  cerebral  physiology  to  suppose  the  Macrocephali  to  have  been  thus  consti- 
tuted, than  to  say  that  because  Hippocrates  has  mentioned  the  custom  of  skull-com- 
pression in  connexion  with  these  people,  their  heads  must  have  been  necessarily 
acuminated ;  for  in  the  treatise  on  injuries  of  the  head,  by  the  same  venerable  author, 
pointed  heads  are  called  by  the  Homeric  term  <t>o£ol. 

The  author  conceives  that  the  fact  of  several  skulls  of  the  latter  shape  having  been 
found,  some  at  Kerch,  aod  one  at  Grafeoeck,  does  not  tend  to  prove  the  prevalence 
of  an  artificial  custom  in  later  times  (e.  g.  amoog  the  Avars  and  Huns)  in  that  part 
of  the  world,  for  the  entire  number  of  these  heads  which  has  as  yet  been  found  does 
not  exceed  six,  and  not  one  of  them  has  been  found  within  a  tumulus  or  accompanied 
with  other  bones  of  the  skeleton,  while  in  several  sepulchral  mounds,  near  to  which 
pointed  heads  have  been  found,  entire  skeletons  have  been  discovered,  but  with 
normally-shaped  skulls.  The  most  recent  investigations  have  shown  that  the  stray, 
solitary  instances  of  acuminated  and  compressed  heads  found  in  Europe,  may  all  be 
referred  to  one  and  the  same  period,  namely  that  of  Charles  V. ;  they  have  been 
brought  over  from  Peru  and  afterwards  cast  adrift.  These  heads  therefore  throw 
no  light  whatever  upon  the  probable  shape  preserved  by  the  heads  of  the  so-called 
race  of  extinct  Macrocephali. 

In  fine,  the  author  thinks  it  highly  probable  that  the  crania  of  the  earliest  Ma- 
crocephali possessed  the  same  shape  as  that  described  by  Blumenbach  in  the  'Decades 
Craniorum/  and  that  the  reappearance  of  this  form  as  a  sporadic  phenomenon  in 
many  parts  of  Europe  in  the  present  day,  gives  support  to  this  hypothesis  ;  moreover, 
this  shape  has  been  found  in  many  living  instances  to  be  associated  with  a  superior 
degree  of  intelligence.    The  leading  characters  of  the**  heads  are :— great  antero- 

10* 
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posterior  length ;  smallness  of  biparietal  measurement,  with  apparent  compression 
of  the  sides ;  roundness  aod  projection  of  frontal  region ;  absence  of  sagittal  suture; 
this  last  being  the  determining  cause  of  all  the  other  peculiarities.  It  nay  easily  be 
imagined  how  this  flattened  appearance  of  the  temporal  regions  may  have  suggested 
the  custom  of  compression  spoken  of  by  Hippocrates. 


On  the  Remains  of  early  Stone-built  Fortresses  and  Habitations  in  the 
County  of  Kerry.    By  George  V.  Du  Noykr,  M.RJ-A. 

In  this  paper  attention  was  directed  to  a  class  of  Celtic  antiquities  hitherto  bat 
slightly  noticed  by  archaeologists,  and  in  this  instance  to  an  extensive  group  of  those 
buildings  discovered  by  the  author  in  the  summer  of  1856,  and  which  occupy  a  tine 
of  three  miles  in  extent  along  the  southern  tope  of  Mount  Eagle;  they  amount  to 
more  than  seventy  in  number,  and  he  considered  he  was  justified  in  calling  this 
remarkable  collection  of  edifices  erected  in  pre-historic  times,  "  a  Celtic  city/' 

The  buildings  consisted  of  massive  stone  houses  of  dry  masonry,  variable  in  their 
internal  ground- plan,  which  was  sometimes  circular  or  elliptical,  or  a  waved-oval, 
or  semi-oval,  or  semicircular,  or  square ;  and  in  one  instance,  north  of  Kilmalkedsx, 
the  house  consisted  of  two  apartments^^ne  square  and  the  other  circular,  both  con- 
nected by  a  straight  passage ;  when  perfect,  these  buildings  terminated  in  a  dome- 
shaped  roof;  the  stones,  overlapping  each  other  on  the  wall,  rose  till  one  stone  dosed 
in  the  top.  Groups  of  such  houses  are  often  surrounded  by  a  massive  stone  wall, 
as  if  intended  for  warlike  purposes,  or  they  occur  singly  of  one,  two,  or  three  separate 
apartments, more  or  less  circular  in  plan, add  evidently  intended  for  residences  merely; 
some  are  yet  quite  perfect,. but. generally  the  roofs  have  fallen  in.  One  of  the  most 
important  of  the  former  class  is  called  "  Caher-na-mactirech,"  or  the  stone  Fort  of 
the  Wolves,  and  it  presents  many  peculiarities  of  architecture  which  renders  it  unique 
of  its  kind.  Of  the  latter  class  he  instanced  a  triple-chambered  building,  waved 
oval  in  plan,  and  80  feet  in  its  longest  diameter;  this  is  known  as  "  Caher-fada-aa- 
doruis,"  or  the  long  Fort  of  the  Doors. 

The  highest  authorities  on  Irish  Archaeology  attribute  the  erection  of  such  buildings 
as  are  described  in  this  paper  to  the  Firbolg  and  Tuatha  de  Danann  tribes,  who 
inhabited  this  country  prior  to  the  introduction  of  Christianity. 

In  conclusion,  the  author  dwelt  on  what  must  have  been  the  habits  as  well  as  the 
probable  social  condition  of  the  people  who  erected  such  rude  and  solid  buildings, 
which,  from  their  sequestered  position  and  other  favouring  causes,  have  been  preserved 
through  the  lapse  of  ages  to  the  present  time. 


On  the  Sea  of  Azof,  and  the  Sivash  or  Putrid  Sea. 
'   By  Capt  S.  Osborn,  RJT. 

Abstract  of  the  Report  of  James  Anderson,  Esq.,  Chief  Factor  of  the  Hud' 

son's  Bay  Company,  commanding  a  Searching  Party  that  descended  the 

Great  Fish  River  in  quest  of  the  Remains  of  the  Crews  of  the  '  Erebus' 

and l  Terror'  in  1855.    By  Sir  John  Richardson,  R.Nn  F.R.S. 

The  author  gives  the  details  of  his  survey,  illustrated  by  a  map  of  a  new  route 

between  the  Mountain  Portage  on  the  shores  of  the  Great  Slave  Lake  and  the  Lake 

Aylmer  of  Sir  George  Back,  comprising  about  200  miles  of  water  communication, 

interrupted  by  rapids  and  short  portages. 

On  Lake  Franklin,  near  the  mouth  of  the  Great  Fish  River,  Mr.  Anderson  came  to 
an  Eskimo  encampment  of  three  tents.  The  inmates  were  in  possession  of  various 
articles  that  had  belonged  to  Sir  John  Franklin's  party,  viz.  a  letter-clip  bearing  date 
1843,  fragments  of  elm,  oak,  mahogany,  and  white  pine  boards,  some  of  them 
painted  white.  From  the  want  of  an  interpreter  it  was  very  difficult  to  obtain  correct 
answers  to  queries  from  these  simple  and  friendly  people.  Printed  books  were  shown 
to  them  and  pieces  of  written  paper,  with  the  offer  of  large  rewards  for  anything  of 
the  kind,  but  they  signified  that  they  had  none.  The  women  exhibited  much  intelli- 
gence, and  apparently  a  ready  comprehension.    They  made  signs  by  pressing  the 
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stomach  inwards,  pointing  to  their  mouths,  and  shaking  their  heads  pitcously,  that 
these  things  were  obtained  from  a  kayack  of  a  party  who  had  died  of  starvation. 
Two  men  of  the  same  tribe  were  met  farther  down  the  river,  but  nothing  more  was 
learnt  from  them. 

Mr.  Anderson  remained  three  days  on  Montreal  Island  and  thoroughly  explored 
every  part  of  it.  The  spot  where  the  expedition  boat  had  been  cut  up  was  on  a  rocky 
ridge  at  its  north-eastern  extremity.  The  ground  there  was  strewed  with  shavings 
of  wood,  ends  of  plank,  &c,  evidently  cut  by  the  natives.  On  a  piece  of  board  that 
was  painted  black,  the  name  "  Erebus"  was  carved.  Small  pieces  of  rope  containing 
the  coloured  dock-yard  threads,  pieces  of  bunting,  &c,  were  lying  about.  There 
being  many  Eskimo  caches  in  the  neighbourhood,  they  were  opened,  and  in  them 
were  found,  besides  stores  of  seal  oil,  blacksmith's  tools,  a  tomahawk,  a  chain-hook, 
a  fragment  of  an  unwrought  iron  bar,  a  bundle  of  ash  sticks,  being  parts  of  snow- 
shoe  frames  with  "  Mr.  Stanley  "  carved  on  one,  together  with  some  pieces  of  hoop- 
iron,  parts  of  instruments,  a  bit  of  cane,  and  a  piece  of  the  leather  of  a  backgammon 
board,  but  not  a  scrap  of  paper  nor  a  human  bone.  Every  mound  was  examined  in 
search  of  graves,  but  without  success.  Both  coasts  of  the  peninsula,  from  Elliot 
Bay  northward,  were  minutely  searched,  but  nothing  more  was  found  except  a  bit 
of  cod-line  and  a  rag  of  striped  cotton  on  Point  Ogle*  Maconochie  Island  was  also 
carefully  traversed,  but  the  state  of  the  ice  hindered  the  canoes  from  crossing  to 
Point  Richardson.  On  the  return,  part  of  the  eastern  shores  of  the  estuary  was  also 
examined,  and  the  Eskimos  at  Lake  Franklin  were  again  visited.  They  were  now 
assembled  to  strike  their  tents  and  move  elsewhere,  and  the  strength  of  the  party 
was  seen  to  be  five  men,  three  women,  and  twelve  lads  and  children.  Mr.  Anderson 
spread  all  his  trading  stores  before  them  and  offered  the  whole  for  books  or  papers, 
bat  they  signified  that  they  had  none,  and  opened  all  their  caches  to  show  what  they 
actually  had.  In  the  caches  were  found  an  oval  frying-pan,  a  chisel,  a  broken  hand- 
saw, a  piece  of  a  metal  thermometer-scale,  and  part  of  an  ivory  rule.  Most  of  the 
paddles  of  the  party  were  made  out  of  ash-oars. 

Hiese  people  made  Mr.  Anderson  comprehend  that  they  had  not  seen  the  ships 
or  great  kayacks,  but  that  they  had  heard  from  others  of  their  being  wrecked,  and 
that  the  crews  had  all  died  of  starvation.  Mr.  Anderson,  judging  from  the  quantity 
of  drift  sand  on  Montreal  Island  and  on  the  adjoining  peninsula,  thought  that  if  the 
expedition  perished  there,  their  bodies  would  be  covered  by  that  material. 


^  On  the  Inhabitants  and  Dialect  of  the  Barony  of  Forth  in  the  County  of 
Wexford,    By  the  Rev,  Charles  Russell,  D.D. 


On  the  Routes  pursued  by  Herren  Hermann,  Adolphe,  and  Robert  Schlagint- 
weit  in  India,  the  Himalayas,   Tibet,  and  Turkistan,     By  Robert 

SCHLAGINTWEIT. 

This  paper  was  introduced  by  a  short  account  of  a  demi-official  nature  regarding 
their  mission  to  India.  Mr.  Schlagintweit  mentioned  in  the  highest  terms  the  labours 
of  their  predecessors  in  scientific  researches  in  India,  particularly  amongst  many 
others,  Buiat,  Cunningham,  Everest,  Gerards,  Hodgson,  Hooker,  Oldham,  Strachey, 
Sykes,  Thompson,  Waugh,  &c. 

In  reference  to  their  official  position,  they  were  particularly  indebted  to  Col. 
Sykes,  as  well  as  to  the  Royal  Society  under  Gen.  Sabine's  directions. 

In  1854  they  reached  India,  and  passed  from  Bombay  to  Madras,  through  Central 
India,  each  by  different  routes,  making  geological,  geographical,  and  other  scientific 
investigations  as  they  proceeded.  On  their  sea  voyage  previously,  they  had  made 
observations  as  to  the  specific  gravity  of  sea-water,  and  also  as  to  the  currents  of  the 
sea,  and  continued  these  in  the  voyage  from  Madras  to  Calcutta. 

On  arriving  at  Calcutta  in  the  beginning  of  1855,  Mr.  Hermann  Schlagintweit  set 
out  for  the  northern  provinces  of  Bengal,  and,  having  reached  Sikkim,  continued  his 
researches  all  along  the  Himalayas,  with  a  view  of  ascertaining  their  height  and 
geographical  position.  To  the  west  of  Kunchinjinga  he  met  with  a  remarkably  high 
mountain,  mentioned  in  a  letter  to  Baron  Humboldt  (July  10;  1855,  summit  of 
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Phulloot) ;  this  is  the  same  mountain,  exceeding  29*000  feet  English,  which,  inde- 
pendent of  Mr.  Hermann  Schlagintweit's  measurements,  was  signalized  in  1856  by 
Col.  Waugb,  from  the  Proceedings  of  the  Trigonometrical  Surrey,  as  the  highest 
mountain,  and  was  called  by  him  Mount  Everest,  after  his  distinguished  predecessor. 

This  is  the  highest  mountain  in  the  world  at  present  known,  being  considerably 
over  29*000  feet  above  the  level  of  the  sea.  The  natives  have  two  names  for  it :  oat 
of  them,  Gaurisankar,  which  is  mythological,  is  to  be  found  only  in  the  Nepankse 
territories ;  and  the  second  name,  Chingopanmari,  is  that  by  which  it  is  known  among 
the  people  of  Tibet  to  the  north.  The  name  Deodunga,  which  was  mentioned  by 
Mr.  Hodgson  occasionally  in  connexion  with  this  peak,  was  not  the  name  of  this 
mountain,  but  of  a  small  mountain  some  8000  feet  high,  which  lies  in  the  same 
direction  when  seen  from  Katmandoo. 

It  is  very  remarkable  that  the  signification  of  Gaurisankar,  a  Sanscrit  word,  is 
identical  with  the  Bhutea  word  Chaura  Cha  ri,  probably  the  highest  peak  of 
Bhutan  proper. 

Gauri  Chanea  means  the  female  deity. 

Sankar  Cka,  the  male  god,  Sankar  especially  being  a  form  for  Shiva. 

Ri,  in  Bhutea  (mountain)  is  the  only  part  not  represented  in  Gaurisankar. 

After  leaving  Sikkim,  Hermann,  having  examined  a  part  of  the  Bhootau  Hima- 
layas and  Upper  Assam,  returned  to  Calcutta  by  the  Brahmapootra  and  the  f  ' 


of  the  Ganges.  Adolphe  and  Robert  left  Calcutta  in  March  1855,  and  after  passing 
through  the  north-western  provinces,  reached  Nainital,  and  then  went  to  Minus, 
and  thence  to  Tibet. 

They  investigated  the  geographical  and  other  features  of  the  country  as  they  went 
on ;  the  principal  of  which  was  the  alluvial  deposit  along  an  immense  valley,  the 
largest  probably  in  the  world.  In  this  valley  the  Indus  and  the  Dihong  both  take 
their  rise,  and  flow  in  opposite  directions,  but  nearly  in  one  line,  for  hundreds  of 
miles,  their  origin  being  separated  only  by  a  small  rise  in  the  surface.of  the  valley. 
They  then  went  to  the  Ibi  Gamin,  and  having  encamped  on  a  glacier  there,  at  the 
height  of  19*220  feet,  on  the  evening  of  the  18th  of  August,  they  on  the  19th  of 
August  succeeded  in  reaching  the  flanks  of  the  Ibi  Gamin  (called  Kamet  by  Cant 
Strachey),  at  the  height  of  22,260  feet,  the  greatest  height  which  had  ever  been 
attained  on  any  mountain.  They  returned  to  the  plains  of  Hindostan  by  different 
routes,  each  pursuing  his  special  inquiries. 

Mr.  Robert  then  entered  into  some  details  respecting  the  operations  during  the 
next  cold  season.  He  went  to  Central  India,  where  he  visited  the  plateau  of  Amar- 
kantak,  which  is  only  about  3300  English  feet  above  the  level  of  the  sea,  though  it 
is  erroneously  supposed  to  be  8000  feet.  Four  rivers  take  their  rise  in  the  neigh- 
bourhood of  this  plateau,  the  Nerbudda,  the  Soane,  the  Fohilla,  and  the  Mahanaddy. 

Mr.  Adolphe  went  through  Central  and  Southern  India  down  to  Trichinopoly, 
visited  the  Nilgherries,  and  returned  afterwards  by  Madras  and  Calcutta  to  the 
North-west  provinces. 

The  three  brothers  again  met  at  Simla,  previous  to  commencing  the  operations 
intended  for  the  summer  of  1856. 

Mr.  Adolphe,  on  leaving  that  place,  crossed  the  Himalaya,  went  over  Tibet,  Bal- 
t  is  tan,  and  visited  the  interesting  spot  where  several  mountain  crests  meet,  and  die 
Hindoo  Koosh  joins  the  range  lying  to  the  north  of  India.  He  then  returned  to  the 
Punjab  through  the  valley  of  Cashmere. 

MM.  Hermann  and  Robert  proceeded  to  Ladak  by  different  routes.  Under  good 
disguises,  they  were  enabled  to  penetrate  into  Turkistan  proper,  by  crossing  the 
Karakoroom  and  the  Kuenluen  mountains  and  descending  into  the  great  valley  of 
Yarkand,  a  region  never  visited  before,  not  even  by  Marco  Polo.  It  is  a  vast  depres- 
sion of  between  3000  and  4000  feet,  separating  the  Kuenluen,  on  the  northern  fron- 
tier of  the  Himalaya— Tibetan  system  of  mountains — from  the  Syan  Chane,  or  the 
mountains  of  Central  Asia,  on  the  southern  border  of  Russia.  They  then  returned 
to  Ladak,  and  entered  the  Punjab  by  different  routes  through  Cashmere,  where  they 
again  met  all  three,  for  a  short  time,  at  Rowulpiodee. 

From  there,  their  routes  were  the  following  ones  ' — 

After  a  two  years'  negotiation,  Mr.  Hermann  was,  at  the  commencement  of  1857, 
admitted  into  Nepaul,  where  he  determined  the  altitudes  of  Mount  Marhipoorhaaad 
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Mount  Yassa,  which  have  hitherto  been  vaguely  called  the  Dhawalagery,  which  means 
nothing  else  but "  snow  crests/'  and  is  applicable  to  all  snow-capped  mountains. 

Mr.  Robert  proceeded  to  Bombay  through  Scinde,  Kutsch  and  Guzerat,  where  he 
surveyed  the  chain  called  the  Salt  Range,  and  determined  the  changes  effected  in 
the  course  of  centuries  in  the  bed  and  direction  of  several  rivers.  Before  returning 
to  Europe,  he  stayed  a  month  in  Ceylon. 

Mr.  Adolphe  visited  various  parts  of  the  Punjab  and  of  Cabul.  He  intended  to 
return  to  Europe  in  a  few  months,  when  by  the  spreading  out  of  the  revolution  in 
India  this  became  impossible.  He  seems  to  have  made  the  best  of  his  time  by  re- 
turning on  a  more  western  route  than  his  brothers  to  Yarkand,  from  where  the  last 
indirect  news  which  have  reached  Europe  are  from  July. 

On  some  Human  Races  in  India  and  Upper  Asia. 
By  Hermann  Schlaointwbit. 

Theprincipal  races  of  India  are, — 

1.  The  Aborigine*-,  they  live  now  in  various  mountainous  parts  of  India,  for 
example  in  the  small  mountains  in  the  south  of  Bengal,  in  Central  India,  in  the 
Nilgherries,  he. 

2.  The  Brahmins  and  their  descendants  by  intermixture  with  original  tribes  of 
India. 

3.  The  Mohammedan  Mongols,  also  crossed  with  the  tribes  1  and  9. 

4.  The  Buddhist  Mongols,  who  have  kept  themselves  very  pure. 

5.  The  Fetish-worshipers,  likewise  Mongols,  and  in  the  mountains  between  India 
and  Burmah,  almost  as  savage  as  the  inhabitants  of  Australia. 

1.  The  Aborigines  of  India  consist  in  India  itself  of  the  following  tribes: — a.  God. 
b.  Bheels.    c.  Kols.     d.  Santals.     e.  Tudas. 

Another  very  numerous  series  of  tribes,  which  are  very  similar  to  them  physically, 
occur  in  Tartary,  along  the  entire  foot  of  the  Himalaya. 

By  the  remarkably  dark  colour  of  their  faces,  by  their  thick,  protruded  lips,  they 
approach  very  closely  to  the  type  of  the  Africans,  especially  in  the  lower  part  of  the 
face.  They  are  essentially  distinct  from  all  the  other  tribes  of  India.  Their  fore- 
head is,  however,  usually  far  better  formed  than  in  the  Africans.  With  regard  to  the 
separate  parts  of  the  skeleton  also,  these  races  are  furthest  removed  from  the  Euro- 
peans. 

They  are  at  a  very  low  stage  of  civilization,  and  many  of  them  have  no  written 
language,  at  least  at  present.  Their  clothing  is  very  miserable,  consisting  of  a  cloth 
wound  round  the  loins ;  they  have  no  covering  for  the  feet,  and,  what  is  peculiarly 
characteristic,  they  alone,  amongst  all  the  inhabitants  of  India,  are  able  to  withstand 
the  influence  of  the  sun  without  any  covering  for  the  head.  They  live  by  breeding 
cattle,  and  by  miserable  husbandry  in  the  uncultivabte  wildernesses  of  Central  and 
Southern  India,  in  small  huts  formed  of  twigs  and  branches  of  trees,  which  they  have 
erected  in  open  places  which  occur  amongst  the  jungles.  They  also  alone  can  endure 
the  miasmatic  air  which  is  evolved  during  the  rainy  season  in  their  forests,  and  which 
is  so  dangerous  to  all  the  other  races  of  India. 

Tlieir  natural  shyness  and  timidity  has  been  greatly  increased  by  the  haughty  con- 
tempt with  which  they  have  been  treated  by  the  castes  of  the  other  inhabitants  of 
India ;  not  unfrequently  they  are  seen  to  take  flight  into  the  thickest  wilderness  at 
the  first  glance  of  a  European. 

2.  The  second  principal  class  is  formed  by  the  Brahmins  and  their  descendants, 
which  are  now  best  understood  under  the  names  of  the  Indian  castes. 

The  Brahmins  and  their  descendants  are  divided  into  the  four  following  great 
groups  : — 1 .  Brahmins.     2.  Tschatrya,  Chatrya.    3.  Vhaysias.    4.  Sudrae. 

Each  of  these  four  principal  groups  includes  a  great  number  of  castes,  produced 
in  the  following  manner  :— 

When  the  Brahmins,  who  we  will  regard  as  a  homogeneous  tribe  when  they  came 
from  the  Himalaya  to  India,  mixed  with  the  tribes  of  the  Autochthones  of  India, 
namely  with  the  Gods,  Santals,  fee. ;  their  posterity  formed  a  great  number  of  castes, 
as  the  descendants  of  a  Brahmin,  with  every  other  tribe,  were  regarded  as  quite  new 
castes.    Moreover,  the  number  of  castes  was  increased  by  the  Mohaasmedan  Mon- 
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gols  who  subsequently  penetrated  into  the  country,  and  their  strict 
nomenclature  was  enjoined  and  sanctioned  by  religion.  As  soon  as  a  < 
a  considerable  number  of  members,  these  intermarried  almost  exclusively  \ 
themselves  alone,  and  followed  a  mode  of  life  which  was  very  different  not  only  from 
that  of  the  other  groups,  but  sometimes  even  from  that  of  their  allied  tribes.  The 
altered  mode  of  life  continued  for  centuries,  and  the  strict  separation  from  the  other 
castes  have  exerted  so  essential  an  influence  upon  the  physical  character  and  deve- 
lopment, that  at  the  present  day  castes  which,  ethnographically  considered,  belong 
to  one  and  the  same  group,  have  become  so  essentially  different,  which  was  not  the 
case  at  first,  that  it  is  often  impossible,  without  tracing  the  historical  formation  of 
the  castes,  to  determine  with  certainty  the  degree  of  their  connexion  from  their 
physical  characters  alone. 

As  one  of  the  most  strongly  marked  examples  of  the  influence  which  the  mode  of 
life  exerts  upon  the  physical  development,  we  may  refer  to  the  three  principal  divi- 
sions of  the  Brahmins: — the  Cashmiri  Brahmins,  who  eat  flesh;  the  Kammj 
Brahmins,  who  live  upon  vegetable  food  ;  and  the  Bengali  Brahmins,  who  enjoy  the 
privilege  of  having  an  unlimited  number  of  wives,  even  from  the  lower  castes.  The 
Cashmiri  Brahmins  are  of  powerful  frames,  have  pale  faces  even  when  they  have 
lived  for  generations  in  India,  and  are  very  intelligent  and  active.  [Many  of  their 
colonies  still  occur  in  Delhi  and  Lucknow ;  some  also  in  Nepaul.] 

The  Kannanj  are  weak,  destitute  of  all  physical  and  mental  energy,  and  have  a 
peculiar  formation  of  the  head. 

The  Bengali  Brahmins  are  ambitious  and  intellectual,  but  not  unfrequently  distin- 
guished from  the  others  by  the  want  of  an  upright  and  open  character. 

As  among  the  Brahmins,  great  differences  have  often  formed  nearly  related  castes 
in  the  other  groups  also. 

I  may  mention,  as  a  peculiarly  characteristic  example,  the  three  nearly  related 
castes  of  the  Mehtars,  Dhobis  and  Tsamars,  belonging  to  the  group  of  the  Sudras, 
which  are  now  most  clearly  distinguished  both  in  the  formation  of  the  face  and  the 
structure  of  the  body. 

3.  The  Mohammedan  Mongols  are  to  be  regarded  as  the  third  principal  race  of  the 
inhabitants  of  India;  they  have  penetrated  into  India  from  the  Asiatic  countries 
bounding  India  to  the  north-west,  over  the  Hindoo  Coosh  and  through  Affghanistan. 
In  their  religion  they  were  Mohammedan,  perhaps  divided  into  various  sects,  but  at 
all  events  free  from  the  prejudices  of  the  Indian  castes.  As  soon  as  they  bad  mixed 
themselves  with  the  Indian  tribes,  their  descendants,  in  accordance  with  the  Indian 
ideas  in  general,  were  raised  into  a  new  caste,  and  now  all  Mohammedans  are 
universally  divided  into  castes,  to  which  they  hold  strictly,  although  these  are  neither 
founded  in  their  religion,  nor  in  the  institutions  of  the  countries  from  wheh  they 
came  as  conquerors.  The  Mohammedans  in  India  fall  into  the  following  castes  .— 
Moghuls,  Pashans,  Sayyads,  Shaiks. 

Simultaneously  with  the  intermixture  of  the  various  peoples  hitherto  referred  to, 
a  new  language,  the  Hindostani,  was  also  formed,  containing  elements  from  all  their 
languages,  especially  from  the  Sanscrit  dialects,  the  Arabic  and  Persian.  This  has 
assisted  essentially,  so  far  as  it  has  been  diffused,  in  softening  the  original  separation 
of  tribes  still  speaking  differently,  such  as  exists  in  America,  into  the  slighter  di- 
stinction of  castes  speaking  the  same  language.  In  those  parts  where  Hindostani 
has  not  been  diffused,  for  example  in  the  mountains  of  Central  and  Southern  India, 
in  the  mountains  which  separate  the  valleys  of  the  Brahmaputra  and  Irawaddv  and 
in  the  parts  of  the  eastern  Himalaya  inhabited  by  Mongols,  the  difference  of  lan- 
guage has  given  the  diversity  of  races  a  very  different  and  far  more  definite  type ;  in 
these  places  even  small  tribes  have  been  developed,  who  cannot  understand  one 
another's  language,  and  are  also  distinguished  far  more  strongly  both  physically 
and  in  their  religious  and  political  code,  than  the  corresponding  castes  of  the  same 
physical  relationship  who  speak  Hindostani. 

4.  The  Buddhist  Mongols  constitute  the  fourth  principal  class.  This  class  includes 
a  great  number  of  tribes,  of  which  I  may  cite  the  following  as  the  principal.  In  the 
eastern  Himalaya,  in  Bhutan  and  Sikkim,  the  Bhuttos  andLepchas  predominate.  In 
the  northernmost,  and  at  the  same  time  highest  parts  of  Nepal  also,  there  are  many 
Mongol  tribes  on  this  side  of  the  water-separation  of  Tibet.  In  the  Western  Himalaya 
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they  are  no  longer  pure,  but  mixed  with  Brahmin  races,  and  if  possible  distinguished 
into  castes  even  more  than  in  India  itself.  The  principal  seat  of  the  Buddhist  Mon- 
gols, which  may  be  regarded  as  a  great  and  perfectly  homogeneous  tribe,  is  in  Tibet, 
where  they  have  retained  their  religion  unchanged  for  centuries  perfectly  free  from 
Indian  castes ;  it  is  only  in  a  small  portion  of  Tibet,  the  westernmost,  that  the  Bud- 
dhists have  been  converted  to  Islam. 

In  Central  Tibet  itself,  when  the  great  caravans  from  Russia  came  through  Turk- 
istan  as  far  as  Cashmir,  a  mixed  race  between  the  Tibetans  and  the  Northern  Mon- 
gols had  been  formed,  which  is  called  Argon ;  they  are  Mohammedans. 

6.  The  half-savage,  nearly  naked  races  in  the  mountains  to  the  east  of  the  Brah- 
maputra, constitute  another  group  to  be  specially  referred  to.  From  their  most 
general  characters  they  belong  to  the  Mongol  race,  but  possess  little  similarity  even 
amongBt  themselves  in  language  and  bodily  structure*  The  few  religious  ideas  of 
the  lowest  kind  which  they  possess,  are  also  very  different  in  the  various  tribes. 

6.  For  the  sake  of  completeness,  we  have  still  to  mention,  as  perfectly  foreign 
races  dwelling  in  India,  besides  the  Europeans  and  their  descendants  of  mixed  race, 
the  Poms  and  Jewish  settlers,  some  of  them  very  ancient,  a  few  SidU  from  Africa, 
and  Armenians,  nearly  all  confined  to  the  west  coast  of  India. 

On  the  Influence  which  Physical  Characteristics  exert  upon  the  Language 
and  Mythology  of  a  People,  as  a  means  of  tracing  the  affinities  of  Races. 
By  Professor  W.  K.  Sullivan,  M.R.I.A. 

Observations  on  Vancouver  Island. 
By  Kenneth  Leith  Sutherland,  72JV.,  Barrister-at~Law,F.R.G.S.Sfc. 

This  island,  situated  between  the  parallels  of  48°  19'  and  50°  50'  north  latitude, 
deserves  the  honour  of  bearing  the  name  of  one  of  those  great  men  England  has 
good  reason  to  be  proud  of;  but  what  would  Vancouver  think  of  his  country- 
men, if  he  could  look  now  upon  the  natural  charms  of  this  island,  still  breathing  in 
her  undiminished  beauty,  but  no  happy  Christian  population  contentedly  smiling 
through  her  rich  valleys,  drawn  there  not  only  to  enjoy  and  partake  of  the  bountiful 
goodness  of  Providence,  but  to  promote  the  true  welfare  and  conversion  of  the 
poor  savages  that  are  thinly  scattered  over  the  face  of  this  smiling  country,  on  which 
the  hand  of  human  industry  has  not  yet  been  laid  ?  Here  is  a  soil  the  richest  I  know 
of,  without  a  human  being  to  draw  from  it  even  the  minimum  of  human  exertion,  a 
soil  that  will  produce  whatever  the  husbandman  may  design  to  cultivate ;  the 
aboriginal  inhabitants  neither  plant  nor  sow,  but  live  upon  the  spontaneous  products 
of  the  soil, — a  few  roots.  Do  we  not  claim  this  island  as  a  part  of  our  possessions  ? 
and  does  not  this  ownership  hold  us  in  duty  to  promote  to  the  utmost  of  our  ability 
the  amelioration  of  the  moral  and  civil  condition  of  these  savage  or  semi-barbarous 
Indians,  for  the  purpose  of  gradually  fitting  them  to  assume  the  characters  and 
station  of  freemen,— to  emancipate  these  poor  creatures  from  their  degraded  position 
by  civilization  ?  I  am  sorry  to  see  projects  entered  into  with  regard  to  the  coloniza- 
tion of  this  island,  that  reason  and  policy,  upon  a  closer  investigation,  and  humanity 
itself,  would  pronounce  to  be  premature.  This  island,  under  the  existing  state  of 
affairs,  is  not  likely  to  receive  many  colonists ;  all  those  who  are  intending  to  emi- 
grate will  be  scrupulous  in  purchasing  land.  I  consider  the  grant  of  Vancouver 
Island  to  the  Hudson's  Bay  Company  as  an  unwise  act.  The  evil  consequences 
attending  the  Company's  exclusive  right  to  the  fur  trade  will  be  soon  felt  by  every 
colonist. 

But  notwithstanding  we  make  false  moves  in  our  colonies,  we  may  be  justly  proud 
of  them  all,  whether  they  be  connected  with  or  independent  of  the  parent  state ;  and 
may  feel  not  a  little  vain,  that  the  benefits  we  have  conferred  on  our  species,  equal, 
ay,  surpass,  what  has  been  accomplished  by  the  whole  of  the  other  nations  of  Europe 
put  together.  The  present  system,  with  regard  to  the  sale  of  lands  in  a  new  colony 
(especially  Vancouver),  appears  tome  to  be  founded  on  a  false  principle.  Every  frac- 
tion produced  by  the  sale  of  lands  in  a  new  colony,  should  go  to  the  ameliorating  the 
condition  of  the  aboriginal  inhabitants ;  if  you  want  a  stimulus  to  immigration  to  a 
particular  colony,  let  not  that  stimulus  be  given  at  the  expense  of  the  poor  savage. 
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whose  country  you  Lave  taken  possession  of;  but  rather  let  the  land  be  sold  at  a 
oheaper  rate  than  it  generally  is,  and  the  money  placed  as  a  fund  to  improve  the 
moral  and  domestic  condition  of  the  savage,  and  not  for  immigration*  What  is 
required  for  Vancouver  is  for  the  Government  to  encourage  emigration  by  facilitating 
the  means  of  transport :  and  as  first  impressions  are  strongest,  let  there  be  imported 
into  Vancouver,  colonists  possessing  the  sterling  qualities  of  our  British  labourer,— 
fidelity,  hardy  and  industrious  habits,  and  strong  domestic  affections. 

There  are  strong  reasons  for  assuming  that  this  will  turn  out  a  fine  mining  country; 
they  have  already  found,  and  are  working  successfully,  plenty  of  superior  coals,  which 
will  become  the  nucleus  of  every  nation's  wealth. 

On  an  Inscription  in  the  Language  of  Ancient  Gaul,  and  on  ike  recent 
researches  of  Zeuas  and  others  into  that  Language.  By  R.  Sikgfeied, 
Ph.D. 


On  the  present  Condition  of  the  Natives  of  Australia,  in  a  Letter  to  R.  Ouu\ 
F.S.A.    By  the  Rev.  J.  Threlkeld. 

On  the  supposed  unity  of  the  American  Face.    By  D.  Wilson,  LJLD. 


STATISTICS. 

Introductory  Address  by  the  Archbishop  of  Dublin,  President  of  the 

Section. 

In  opening  the  business  of  this  Section  there  is  no  occasion  for  me  to  enter  into 
any  lengthened  detail  of  its  characteristic  objects,  for  these,  I  presume,  must  be 
sufficiently  known  to  most  of  you.  Our  department  is  conversant  about  almost  all 
the  most  important  transactions  of  human  life,  as  far,  at  least,  as  this  present  world 
is  concerned.  It  is  conversant  about  all  that  relates  to  prosperity,  national  and  in- 
dividual,— all  that  relates  to  the  promotion  of  honest  industry  and  fair  dealing  between 
man  and  man, — all  that  relates  to  the  repression  of  crime, — all  that  relates  to  the 
spreading  of  industrious,  sober  and  useful  habits, — all  that  relates  to  the  mitigation 
or  prevention  of  famine  and  pestilence, — all  these  come  within  our  department ;  and 
if  there  be  any  one  thing  which  it  is  needful  that  all  should  have  some  knowledge  of, 
it  must  be  that  which  all  persons  are  concerned  about, — which  all  persons  most  do 
and  attend  to,  and  which  it  is  highly  important  that  they  should  be  instructed  bow 
to  do  well.  We  collect,  and  reason  from,  facts  relating  to  all  these  matters.  We  do 
not  encroach  on  the  department  of  any  branch  of  science,  but  we  lend  our  aid  to 
almost  all, — there  is  hardly  any  one  which,  in  its  practical  results,  is  not  more  or  less 
connected  with  ours.  For  example,  the  procuring  of  valuable  substances  from  peat, 
which  you  must  have  all  heard  of, — that  is  a  matter  for  the  chemist ;  the  cultivation 
of  beet  for  the  production  of  sugar  is  a  matter  for  the  chemist  and  the  agriculturist; 
but  how  far  these  processes  can  be  made  profitable  and  valuable,  that  is,  how  far 
they  will  be  worth  attending  to,  is  a  question  that  comes  within  our  department. 
Again,  there  is  the  important  invention  of  the  manufacture  of  soda  from  sea-salt. 
That  is  a  matter,  of  course,  for  the  chemist.  We,  in  our  economic  department,  have 
nothing  to  do  with  that;  but  with  the  commercial  results,  and,  I  may  add,  the 
practical  and  moral  results  of  it,  we  are  greatly  concerned.  The  increased  cheapness 
of  soda,  which  has  been  the  result  of  that  invention,  has  created  a  very  greatly  in- 
creased demand  for  soap,  through  its  increased  cheapness ;  and  that  has  created 
an  increased  demand  for  the  supply  of  the  oils  necessary  for  the  manufacture  of  soap. 
That,  again,  has  occasioned  a  very  great  demand  for  palm  oil  from  Africa,  which  has 
contributed  to  check,  more  than  probably  any  other  cause,  the  progress  of  the  slave 
trade  j  because  the  barbarian  African  chiefs  find  that  it  answers  better  and  is  more 
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profitable  to  employ  their  people  in  extracting  palm  oil  than  in  kidnapping  and  selling 
them  for  slaves.  I  mention  these  few,  and  might  mention  fifty  other  instances,  in 
which  the  results  of  other  branches  of  science  come  under  oar  department,  and  are 
to  be  considered  with  a  great  deal  of  care  and  attention,  in  order  that  we  may  arrive 
at  correct  results.  Some  people  have,  or  had,  at  least  some  years  ago,  a  sort  of 
dread  that  attention  to  these  subjects  would  lead  us  to  be  too  worldly  and  too 
attentive  to  gain ;  not  considering  that  our  pursuit  has  no  more  necessary  connexion 
with  the  acquisition  of  wealth,  than  it  has  with  charity.  Charity  everybody  allows 
to  be  a  virtue;  bnt  there  is  hardly  any  vice  that  produces  so  much  mischief  as  mis- 
directed charity ;  and  how  charity  may  be  so  directed,  and  distress  so  relieved 
or  prevented,  as  to  occasion  the  greatest  good  and  the  least  evil,  is  a  matter  that 
comes  within  our  department.  This  world  is  the  place  in  which  we  are  fixed,  and 
in  which  our  duties  are  to  be  performed ;  and  it  is  absolutely  necessary,  if  we  would 
perform  our  duties  aright,  that  we  should  know  the  circumstances  under  which 
those  duties  are  to  be  performed.  A  person  is  not  excused  from  merely  meaning 
well  if  he  neglects  to  acquaint  himself  with  all  the  circumstances  which  will  en- 
able htm  to  cany  his  good  intentions  into  effect ;  and  therefore  it  is,  that,  although 
I  have  said  our  department  is  conversant  in  matters  pertaining  to  this  world,  yet  this 
world  is  connected  with  the  next,  as  it  is  the  same  God  that  is  the  author  of  both 
worlds;  and  it  is  most  essential  that  we  should  be  acquainted  with  the  circumstances 
that  regulate  human  transactions  wherein  our  duties  lie.  On  these  subjects  I  hope 
some  very  interesting  and  important  communications  will  be  made  on  this  and  on 
succeeding  days.  

On  the  Car  Establishment  of  Mr.  Bianconi  in  Ireland.    By  C.  Bianconi. 

Referring  to  the  synopsis  of  my  establishment,  submitted  in  a  concise  form  to 
the  Association  at  its  Session  in  Cork,  in  1843,  I  now  take  the  liberty  of  submitting 
some  further  particulars,  embracing  its  origin,  with  its  present  condition,  and  the 
extent  of  its  operations. 

My  establishment  originated  immediately  after  the  peace  of  1815,  having  then  had 
the  advantage  of  a  supply  of  first-class  horses  intended  for  the  army,  and  rating  in 
price  from  ten  to  twenty  pounds  each,  one  of  which  drew  a  car  and  six  persons  with 
ease  seven  miles  an  hour.  The  demand  for  such  horses  having  ceased,  the  breeding 
of  them  naturally  diminished,  and,  after  some  time,  I  found  it  necessary  to  put  two 
inferior  horses  to  do  the  work  of  one.  Finding  I  thus  had  extra  horse  power,  I  in- 
creased the  size  of  the  car,  which  held  six  passengers — three  on  each  side — to  one 
capable  of  carrying  eight ;  and  in  proportion  as  the  breed  of  homes  improved,  I  con- 
tinued to  increase  the  site  of  the  cars  for  summer  work,  and  to  add  to  the  number  of 
horses  in  winter  for  the  conveyance  of  the  same  number  of  passengers,  until  I  con- 
verted the  two-wheeled  two-horse  cars  into  four-wheeled  cars,  drawn  by  two,  three 
or  four  horses,  according  to  the  traffic  on  the  respective  roads  and  the  wants  of  the 
public.  This  freedom  of  communication  has  greatly  added  to  the  elevation  of  the 
tower  classes ;  for,  in  proportion  as  they  found  that  travelling  by  car,  with  a  saving 
of  time,  was  cheaper  than  walking  with  a  loss  of  it,  they  began  to  appreciate  the  value 
of  speedy  communication,  and  hence  have  been,  to  an  almost  incalculable  extent, 
travellers  by  my  cars,  where;  mixing  with  the  better  orders  of  society,  their  own  moral 
elevation  has  been  of  a  decided  character. 

As  the  establishment  extended,  I  was  surprised  and  delighted  at  its  commercial  and 
morsl  importance;  I  found,  as  soon  as  I  bad  opened  communication  with  the  interior, 
the  consumption  of  manufactured  goods  had  greatly  increased.  The  competition  of 
parties  availing  themselves  of  the  facilities  of  travelling  was  so  great,  that  instead  of 
buying  at  second-hand,  after  many  profits,  they  were  enabled  to  obtain  the  supplies 
nearer  the  manufacturer — in  the  more  remote  parts  of  Ireland.  For  instance,  on 
my  opening  the  communication  from  Tralee  to  Cahirciveen  in  the  south,  Galway 
to  Clifden  in  the  west,  and  Ballina  to  Bel  mullet  in  the  north-west,  purchasers  were 
obliged  to  give  eight  pence  or  nine  pence  a  yard  for  calico  for  shirts  subsequently  sold 
for  tnree  pence  and  four  pence,  thus  enabling  that  portion  of  the  population  who  could 
previously  badly  afford  only  one  shirt  each  to  have  two  for  a  less  price  than  was  paid 
for  one,  and  in  the  same  ratio  other  commodities  came  into  general  use  at  reduced 
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The  formation  of  my  first  car,  conveying  passenger*  back  to  back,  on  the  principal 
of  the  outside  car,  now  so  much  used  in  Dublin,  was  admirably  adapted  to  its  purposes, 
and  it  frequently  happened  that,  whilst  on  one  side  were  sitting  some  of  the  higher 
classes,  persons  as  opposite  in  position  were  seated  on  the  other.  Not  only  was  this 
unaccompanied  with  any  inconvenience,  but  I  consider  its  effects  wererery  salutary; 
as  many  who  had  no  status  were,  by  coming  into  casual  communication  with  the 
educated  classes,  inspired  with  the  importance  of,  and  respect  for,  social  position. 

The  growth  and  extent  of  railways  necessarily  affected  my  establishment,  and 
diminished  its  operation,  by  withdrawing  from  it  ten  two-wheeled  can,  travelting 
daily  450  miles;  twenty-two  four-wheeled  cars,  travelling  dairy  1620  miles;  five 
coaches,  travelling  daily  376  miles;  thus  making  a  total  falling  off  of  thirty-seven 
vehicles,  travelling  daily  2452  miles.  Notwithstanding  this  falling  off,  the  consequent 
result  of  the  extension  of  railways,  I  still  have  over  900  horses,  working  thirty-five 
two-wheeled  cars,  travelling  daily  1752  miles ;  twenty-two  four-wheeled  can,  unavai- 
ling daily  1500  miles ;  ten  coaches,  travelling  daily  992  miles ;  making  in  the  whole 
sixty-seven  conveyances,  travelling  daily  4244  miles,  and  extending  over  portions  of 
twenty-two  counties,  viz.  Cork,  Clare,  Carlow,  Cavan,  Donegal,  Fermanagh,  Galway, 
King's,  Kilkenny,  Kerry,  Limerick,  Longford,  Leitrim,  Mayo,  Queen's,  r 
Sligo,  Tipperary,  Tyrone,  Waterford,  Wexford  and  Westmeath. 

Anxious  to  aid  as  well  as  I  could  the  resources  of  the  country,  many  of  which  lay 
so  long  unproductive,  I  used  this  establishment,  as  far  as  practicable,  to  effect  so 
desirable  an  object.  For  instance,  I  enabled  fishermen  on  the  western  coast  to  avail 
themselves  of  a  rapid  transit  for  their  fresh  fish,  which,  being  a  very  perishable  article, 
would  be  comparatively  profitless  unless  its  conveyance  to  Dublin  and  other  suitable 
markets  could  be  ensured  within  a  given  time,  so  that  those  engaged  in  the  fisheries 
at  Clifden,  Westport,  and  other  places,  sending  their  produce  by  my  conveyances  in 
one  day,  could  rely  on  its  reaching  its  destination  the  following  morning,"  additional 


horses  and  special  conveyances  being  provided  and  put  on  in  the  proper  seasons.  The 
amount  realized  by  this  valuable  traffic  is  almost  incredible,  and  has,  in  my  opinion, 
largely  contributed  to  the  comfort  and  independence  now  so  happily  contrasting  with 
the  lamentable  condition  which  the  west  of  Ireland  presented  a  few  yean  since. 

I  shall  conclude  by  two  observations,  which,  I  think,  illustrate  the  increasing  pros- 
perity of  the  country  and  the  progress  of  the  people.  First,  although  the  population 
has  so  considerably  decreased  by  emigration  and  other  causes,  the  proportion  of 
travellers  by  my  conveyances  is  greater,  thus  demonstrating  that  the  people  appre- 
ciate not  only  the  money-value  of  time,  but  also  the  advantages  of  an  establishment 
designed  and  worked  for  their  particular  use  and  development,  now  forty-two  yean 
in  operation.  Secondly,  the  peaceable  and  high  moral  bearing  of  the  Irish  people, 
which  can  only  be  known  and  duly  appreciated  by  those  who  live  amongst  them,  and 
who  have,  as  f  have  had,  long  and  constant  intercourse  with  them.  I  have  therefore 
been  equally  surprised  and  pained  to  observe  in  portions  of  the  respectable  press,  both 
in  England  and  Ireland,  repeated  attacks  on  the  morality  of  our  population,  charging 
them  with  a  proneness  to  violate  the  laws  and  with  a  disregard  of  private  property ; 
but  as  one  fact  is  worth  a  thousand  assertions,  I  offer,  in  contradiction  of  those  state- 
ments, this  indisputable  fact: — My  conveyances,  many  of  them  carrying  very  im- 
portant mails,  have  been  travelling  during  all  hours  of  the  day  and  night,  often  in 
lonely  and  unfrequented  places ;  and  during  the  long  period  of  forty-two  yean  that 
my  establishment  has  been  in  existence,  the  slightest  injury  baa  never  been  done  by 
the  people  to  my  property,  or  that  entrusted  to  my  care ;  and  this  fact  gives  me 
greater  pleasure  than  any  pride  I  might  feel  in  reflecting  upon  the  other  rewards 
of  my  lire's  labour.  

On  the  Proportion  of  Marriages  at  different  Ages  of  the  Sexes. 
By  S.  Browne. 

On  some  of  the  Principal  Effects  of  the  New  Gold,  as  an  Instrument  of  Pur- 
chase, on  the  Production  and  Distribution  of  Real  Wealth*  By  Professor 
Cairnes. 
The  expression  "  as  an  instrument  of  purchase/'  was  used  in  order  to  exclude  the 

consideration  of  the  indirect  effects  of  the  gold  discoveries  on  real  wealth,  throngh 
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the  influence  which  they  would  exercise  on  the  dispersion  of  mankind,  and  the  ques- 
tion was  thus  narrowed  to  the  effects  of  the  new  gold,  in  its  capacity  as  a  portion  of 
the  general  circulating  medium  of  commercial  nations. 

Viewed  in  this  light,  it  was  contended  that  the  new  gold  had  no  direct  tendency  to 
stimulate  industry  or  increase  real  wealth  (understanding  by  this  latter  term  com- 
modities which  contribute  to  human  enjoyment  as  distinguished  from  "  money/'  or 
the  instrument  for  exchanging  such  commodities).  The  gold  discoveries  had  not 
added  to  the  fertility  of  natural  agents,  nor  to  the  intelligence  of  capitalists,  nor  to  the 
health  or  strength  of  labourers  j  nor,  therefore,  except  so  far  as  gold  was  desired  on 
its  own  account  (that  is  to  say,  so  far  as  it  was  not  used  as  money),  to  the  motives  to 
exertion  of  the  human  race.  A  given  sacrifice  would  now  produce  more  gold  than 
formerly,  but  not  more  of  any  other  thing.  So  far,  therefore,  as  "  other  things"  were 
the  inducement  to  exertion,  the  new  gold  could  not  stimulate  industry  or  increase 
real  wealth ;  unless  it  did  so  in  one  or  other  of  the  following  ways ; — viz.  first,  by 
practising  some  illusion  on  the  understanding,  so  as  to  induce  men  to  undergo  a 
greater  sacrifice  for  a  given  reward  than  formerly ;  or  secondly,  by  causing  such  a 
change  in  the  distribution  of  wealth,  as  might,  at  the  expense  of  the  idle  or  less 
actively  producing  classes  and  nations,  operate  as  a  premium  on  its  production. 

In  both  these  ways  it  was  contended  that  the  new  gold  would  lead  to  an  augmen- 
tation of  the  real  wealth  of  society. 

With  regard  to  the  first,  it  was  shown,  that  after  gold  through  the  increase  in  its 
quantity  had  become  depreciated  in  value,  the  recognition  of  the  change  in  its  whole 
extent  would  not  be  immediate.  £100  would  cease  to  represent  the  same  quantity 
of  commodities  as  before,  but  its  influence  upon  the  mind  as  a  stimulus  to  exertion 
would  not  at  once  decline  in  the  same  proportion.  Those  who  gained  by  the  monetary 
revolution  would  appear  to  gain  more,  and  those  who  lost  would  appear  to  lose  less ; 
and  both,  measuring  their  reward  rather  by  its  nominal  than  by  its  real  standard, 
would,  for  a  time  and  until  the  rise  in  prices  had  been  very  decidedly  established,  be, 
as  it  were,  cheated  into  increased  exertions.  All  would  more  or  less  feel  the  influ- 
ence of  the  new  gold  in  this  respect,  but  those  who  would  be  most  infinitely  affected 
by  it  would  be  those  in  the  determination  of  whose  remuneration  competition  was 
modified  by  custom— such  as  the  recipients  of  fixed  salaries,  fees,  &c. 

But  secondly,  the  new  gold  tended  to  augment  real  wealth  through  its  effects  on 
distribution. 

The  effect  of  the  new  gold  was  not,  according  to  the  popular  idea,  to  increase  the 
demand  for  commodities  in  general,  but  to  cause  a  redistribution  of  purchasing  power, 
and  thus  to  cause  a  disturbance  in  the  demand  for  commodities.  It  was  the  same  in 
effect  as  if  a  tax  were  levied  over  the  world,  and  the  proceeds  deposited  in  the  sands 
of  Australia  and  California.  Those  who  gained  by  the  new  monetary  changes  did  not 
gain  simply  because  their  money  incomes  were  increased,  but  because  they  were 
raised  relatively  to  those  of  others :  they  could  therefore  appropriate  a  larger  share  of 
the  general  wealth ;  and,  for  the  contrary  reason,  those  whose  money  incomes  were 
not  similarly  affected,  could  appropriate  a  smaller  share  than  before.  The  gain 
depended  on  the  rise  in  money  income  as  compared  with  the  rise  in  the  price  of  the 
articles  on  which  it  was  expended.  It  followed  therefore,  that,  for  a  given  amount  of 
gold,  those  who  gained  most  were  the  original  finders,  and,  the  earlier  it  was  found, 
the  greater  the  gain. 

Applying  these  principles  to  the  case  in  hand,  the  gold-finders  were  the  greatest 
gainers,  the  merchants  and  manufacturers  who  were  best  able  to  supply  their  most 
pressing  needs  were  gainers  in  the  next  degree,  and  afterwards  those  who  could  supply 
the  wants  of  such  merchants  and  manufacturers ;  or,  turning  from  classes  to  nations, 
the  gold  countries  were  the  greatest  gainers  by  the  new  gold ;  the  United  States  and 
England  the  next ;  while  the  countries  who  would  suffer  most  by  the  new  movement 
would  be  such  countries  as  India  and  China,  who  would  not  receive  their  share  till  it 
had  first  operated  on  prices  in  most  of  the  markets  of  the  world.  England  during  the 
Russian  war  could,  in  consequence  of  the  gold  discoveries,  command  with  a  given 
outlay  of  labour  and  capital  a  greater  amount  of  gold  than  before.  With  this  gold  she 
came  into  the  markets  of  Turkey,  which  had  not  yet  felt  the  effects  of  the  Australian 
discoveries,  and  carried  off  an  increased  amount  of  such  things  as  she  required,  to 
the  injury,  of  course,  of  all  her  competitors  in  the  same  market.  The  pressure  of 
the  war-strain  was  thus  lightened  in  proportion  to  her  cheapened  cost  of  obtaining  gold. 
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In  further  illustration  of  the  tame  principle,  the  trade  of  England  end  America  with 
India  and  China  in  recent  vears  waa  referred  to.  During  the  last  seven  yean,  not 
less  than  sixty  millions  sterling  in  gold  and  silver  had  been  sent  to  the  East  in  pay* 
ment  of  increased  imports  from  oriental  countries.  This  was,  in  other  words,  to  say 
that  real  wealth  to  that  amount  had,  during  that  time,  been  obtained  from  these 
countries  for  which,  not  "  real  wealth,"  bat  money  had  been  returned.  It  waa  evident, 
therefore,  that  unless  India  and  China  had  worked  very  much  harder  during  that 
period,  they  must  in  real  wealth  he  very  much  poorer.  The  new  gold  thna  tended  to 
enrich  England  and  America  and  the  gold  countries  at  the  expense  of  India  and 
China  and  countries  similarly  situated. 

Such  being  the  effect  of  the  new  gold  on  the  distribution  of  real  wealth,  it  was  not 
difficult  to  see  that  the  effect  of  the  change  would  be  indirectly  to  stimulate  its  pro- 
duction. In  every  instance  the  transfer  was  in  favour  of  the  more  active  of  the  pro* 
ducing  classes  and  nations  at  the  expense  of  the  idle  or  less  active,  and,  in  general, 
in  favour  of  the  Anglo-Saxon  race  at  the  expense  of  the  rest  of  the  world.  The  effect 
would  be  the  same  as  if  a  tax  were  laid  on  the  idle  for  the  benefit  of  the  industrious. 

The  character  of  the  new  movement  being  determined  by  these  principles,  the 


ondly, 
in  the  general  rise  of  prices  which  would  result. 

From  the  rise  which  had  been  established  in  money-wages  in  the  gold  countries,  it 
waa  deduced  that  the  cost  of  obtaining  gold  had  in  these  countries  been  diminished 
by  one  half.  Prices,  therefore,  in  these  countries  would  rise  in  general  to  double 
their  former  range,  and  the  laws  of  international  exchange  would  tend  to  bring  about 
a  corresponding  advance  in  all  other  countries. 

The  rate  at  which  the  advance  took  place  would  depend,  not  simply  on  the  actual 
quantity  of  gold  annually  produced,  nor  yet  on  the  relation  of  the  new  increments  to 
the  quantity  previously  in  existence,  but  also  on  the  extensions  which  the  trade  of  the 
world  would  in  the  mean  time  undergo ;  and,  considering  the  great  increase  of  pro. 
ductive  power  lately  brought  into  operation,  as  exemplified  in  the  extension  of  rail- 
ways,  the  development  of  free  trade,  the  improvements  in  ship  building,  the  electric 
telegraph,  and  tne  increased  application  of  scientific  inventions  to  productive  pro- 
cesses— there  was  every  reason  to  expect  that  such  extensions  of  commerce  woula  be 
considerable,  and  that  thus  the  rise  in  prices  would  not  be  so  rapid  as,  looking  ahnply 
to  the  increased  production  of  gold,  we  might  be  led  to  expect. 

From  these  principles  it  followed  that  in  all  future  extensions  of  trade  England 
and  America  (including  under  these  names  the  gold  countries — their  colonies)  would 
have  a  double  interest: — first,  from  the  advantage  which,  in  common  with  all  com* 
mercial  nations,  they  would  derive  from  a  more  efficient  application  of  the  productive 
forces  of  the  world ;  and  secondly,  from  the  special  benefits  which,  aa  gold-producing 
countries,  they  would  enjoy  through  retarding  influence  which  such  extensions  of  trade 
would  exert  on  the  general  range  of  prices  throughout  the  world ;  thereby  enabling 
them  to  avail  themselves,  to  a  greater  extent  and  for  a  longer  time,  of  their  cheapened 
cost  of  gold.  

On  the  Dependence  of  Moral  and  Criminal  on  Physical  Conditions  of 
Populations.    By  £•  Chadwick. 

On  the  Economical,  Educational,  and  Social  Importance  of  open  and  public 
Competitive  Examinations.    By  E.  Chadwick. 

On  the  Effect  of  Good  and  Bad  Times  on  Committals  to  Prison. 
By  H.  Clay. 

On  the  Ages  of  the  Population  in  Liverpool  and  Manchester. 
By  J.  T.  Danson,  Barrister-at-Law. 
Mr.  Danson  laid  before  the  Section  tome  tabular  statements,  drawn  from  the  last 
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Census,  in  which,  assuming  that  the  proportion  of  the  active,  ruling,  and  productive 
portion  of  the  population  would  he  found  nearly  represented  by  the  number  of  males 
from  25  to  55  years  of  age,  it  was  shown  that  this  proportion  was  considerably  higher  in 
the  north-western  division  of  the  kingdom  than  in  the  rest  of  it ;  higher  in  Manches- 
ter (including  Salford)  than  in  the  north-western  division ;  and  considerably  higher  in 
Liverpool  than  in  Manchester.  Details  were  also  given  showing  the  relative  propor- 
tions in  each  case  of  the  female,  and  of  the  immature  and  aged  male  population, 
making  uu,  in  each  case,  the  remnant  of  the  population.  And  from  the  materials 
thus  stated  were  deduced  the  general  conclusions, — 

That  as  not  only  the  productive  and  defensive  power,  but  also  the  character  and 
conduct  of  a  given  population  is  dependent,  in  a  great  measure,  upon  the  ages  of 
the  individuals  composing  it,  so  sanitary  improvements,  by  lengthening  the  dura- 
tion of  life,  tend  directly  to  increase  the  proportion  of  mature  and  aged  persons  to 
the  whole  of  the  population  on  which  they  take  effect,  thus  prolonging  the  effects 
of  experience  upon  such  a  population ;  and  when  taken  with  the  prestige  commonly 
conferred  upon  opinions  by  the  ages  of  those  who  utter  them,  may  he  expected  to 
give  a  corresponding  influence  to  reason,  as  opposed  to  passion,  in  the  affairs  of  a 
population  so  placed. 

That  the  high  and  increasing  value  of  life  in  England  indicates  a  large  and  increa- 
sing proportion  of  matured  minds ;  and  undoubtedly  has  a  corresponding  influence  on 
the  exercise  of  the  national  will,  as  well  at  home  as  abroad — an  influence  already 
traceable  in  our  political  history ;  and  that  there  is  no  apparent  reason  why  municipal 
action  should  not  be  influenced  by  the  same  causes. 

Table  I. 
Age*  in  the  Larger  Areas, 


England  and  Wale*. 

North-western  Division. 

To  10,000  Malea  aged  SS—M. 

England  and 
Wales. 

North-Wastera 

1851. 

Division. 

Male*. 

Female*. 

Males. 

Females. 

Malea. 

Females. 

Malea. 

Females. 

Total    \ 
Popultn.  J 

8,781,225 

9,146,384 

1,215,832 

1,274,995 

28,668 

29,860 

27,629 

28,973 

0—25. . 

4,859,667 

4,917,952 

684,452 

705,784 

15,865 

16,055 

15,654 

16,038 

25—55. . 

3,063,111 

3,248,458 

440,058 

464,953 

10,000 

10,605 

10,000 

10,566 

55  and"! 
upwards  J 

858,447 

979,974 

91,322 

104,258 

2,803 

3,199 

2,075 

2,369 

0—    5 

1,176,753 

1,171,354 

165,671 

165,827 

3,842 

3,824 

3,765 

3,768 

6—  10 

1,050,228 

1,042,131 

142,747 

142,655 

3,429 

3,402 

3,244 

3,242 

10—15 

963,995 

949,362 

134,111 

133,628 

3,147 

3,099 

3,048 

3,037 

15—  20 

873,236 

883,953 

124,128 

130,230 

2,851 

2,886 

2,821 

2,959 

20-26 

795,455 

871,152 

117,795 

133,444 

2,597 

2,844 

2,677 

3,032 

25—  30 

699,345 

771,130 

105,244 

116,350 

2,283 

2,517 

2,392 

2,644 

30—  35 

617,889 

658,237 

91,082 

97,547 

2,017 

2,149 

2,070 

2,217 

35—  40 

532,680 

555,879 

76,227 

78,909 

1,739 

1,815 

1,732 

1,793 

40—  45 

474,211 

494,408 

68,653 

71,023 

1,548 

1,614 

1,560 

1,614 

45—  50 

392,882 

406,107 

53,709 

55,135 

1,283 

1,326 

1,220 

1,263 

50—  56 

346,104 

362,697 

45,143 

45,989 

1,130 

1,184 

1,026 

1,045 

55—  60 

254,892 

271,395 

29,482 

31,807 

832 

886 

670 

723 

60—66 

227,240 

254,070 

25,406 

28,856 

742 

829 

.577 

656 

65—  70 

151,640 

175,879 

15,903 

18,732 

495 

574 

361 

426 

70—  75 

114,730 

135,432 

11,362 

13,140 

375 

442 

258 

299 

75—  80 

65,016 

81,086 

5,741 

7,082 

212 

265 

130 

161 

80—  85 

31,690 

42,150 

2,461 

3,275 

103 

138 

5$ 

74 

85—  90 

10,423 

14,982 

772 

1,031 

34 

49 

18 

23 

90—  95 

2,282 

3,969 

161 

268 

7 

13 

3 

6 

95—100 

456 

874 

37 

54 

1 

3 

1 

1 

100  and\ 
upwards  J 

78 

137 

7 

13 
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Table  II. 

Ages  in 

ManckeUer  and  Liverpool. 

Manchester  City  and 
Salford  Borough. 

To  10,000  Males  aged  as— as. 

1851. 

Lirerpool  Borough. 

Manchester  and 
Salford. 

Liverpool. 

Male*. 

Females. 

Males. 

Females. 

Mates. 

Females. 

Males. 

Fewl*. 

Total    \ 
Popultn.  J 

191,457 

209,864 

182,058 

193,897 

26,054 

28,558 

24,707 

26,313 

0—25. . 

106,518 

113,002 

98,559 

103,630 

14,495 

15,377 

13,375 

14,063 

25—55. . 

73,488 

82,092 

73,688 

77,259 

10,000 

11,171 

10,000 

10,485 

55  and  \ 
upwards  J 

11,451 

14,770 

9,811 

13,008 

1,558 

2,010 

1,331 

1,765 

0—    5 

25,705 

26,031 

23,976 

23,938 

3,498 

3,542 

3,254 

3,249 

5—  10 

21,478 

21,318 

20,498 

20,118 

2,923 

2,901 

2,782 

2,730 

10—15 

19,974 

20,449 

18,950 

18,701 

2,718 

2,783 

2,572 

2,538 

15—  20 

19,394 

21,245 

17,226 

18,781 

2,639 

2,891 

2,338 

2,549 

20-26 

19,967 

23,959 

17,909 

22,092 

2,717 

3,260 

2,430 

2,998 

25—  30 

17,952 

20,641 

17,137 

19,356 

2,443 

2,809 

2,326 

2,627 

30 —  35 

15,269 

17,452 

16,373 

17,312 

2,078 

2,375 

2,222 

2,349 

35—  40 

12,573 

13,818 

13,024 

13,501 

1,711 

1,880 

1,767 

1,832 

40—  45 

11,755 

12,787 

12,105 

11,893 

1,600 

1,740 

1,643 

1,614 

45—  50 

8,692 

9,460 

8,118 

8,135 

1,183 

1,287 

1,102 

1,104 

50—  55 

7,247 

7,934 

6,931 

7,062 

986 

1,080 

941 

958 

55—  60 

4,089 

4,727 

3,569 

4,019 

557 

643 

484 

545 
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On  the  Effects  of  the  Gold  of  Australia  and  California.  By  J.  Crawpurd. 

The  principal  results  sought  to  be  established  were,  that  the  enormous  quantities  of 
gold  and  silver  suddenly  thrown  upon  the  market  during  the  last  nine  years  have  not 
produced  a  proportionate  depreciation  in  the  price  of  these  metals,  and  rise  in  prices ; 
and  that  the  cause  of  this  arises  from  the  capacity  of  modern  industry  to  increase 
indefinitely  the  impetus  given  to  manufactures  and  commerce  by  the  discovery  of  the 
precious  metals. 

The  experience  of  the  last  nine  years  leads  to  the  conclusion  that  the  great  fall  in 
prices  commonly  supposed  to  have  taken  place  in  the  sixteenth  and  seventeenth  cen- 
turies, after  the  discovery  of  the  American  mines,  if  it  really  took  place,  did  not  arise 
from  this  cause,  but  from  the  growth  of  industry  thus  fostered,  and  the  general  pro- 
gress of  society.  The  author  pointed  out  that,  unless  new  mines  are  discovered,  the 
proportion  of  gold  and  silver  yearly  imported  to  the  old  stock  will  be  diminishing 
gradually,  and  that  in  any  case  the  industrial  development  will  absorb  the  new  supplies. 

A  Cash  Land-Trade  for  Ireland,  Retail  and  Wholesale. 
By  Richard  Dowden.  4 
The  difficulties  which  embarrass  dealings  in  land  at  present  were  detailed ;  and 
these  embarrassments  were  stated  to  have  been  the  principal  provocatives  of  all  the 
agrarian  mischiefs  and  sorrows  which  have  troubled  Ireland  for  many  yean. 
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11  The  land"  is  the  elementary  basis  of  all  civilized  industry ;  and  the  desire  to 
possess  this  kind  of  capita]  is  so  universal,  as  almost  to  influence  mankind  every- 
where like  an  instinct. 

The  reasonable  gratification  of  this  urgent  desire  demands  a  more  easy  commerce 
in  land  than  we  have  as  yet  attained  to. 

The  facilities  given  by  "  The  Encumbered  Estates"  sales  have  led  the  way  in  this 
good  change ;  and  the  extension  of  that  law  to  properties  not  encumbered,  indicates 
courage  in  the  progress  towards  a  real  free-trade  in  land  which  is  greatly  encouraging 
and  hope-inspiring.  If  land  could  be  bought  and  sold  in  lots  of  all  suitable  sizes, 
several  vague  inventions  proposed  for  giving  either  a  factitious,  or  an  arbitrary  pos- 
session of  the  soil,  would  be  rendered  unnecessary,  "  Tenant-right,"  as  yet  an  unread 
riddle,  would  be  left  in  its  impracticability,  and  real  possessions  made  by  cash  pur- 
chases would  be  a  solid,  and  not  a  visionary  landownership. 

The  excessive  emigration  of  our  people  has  been  induced  because  our  agricultural 
population  cannot  buy  small  lots  of  land  at  home ;  the  result  is,  that  savings  gathered 
with  much  denial  at  home,  are  invested  in  small  purchases  of  "real  estate"  in 
Canada  and  elsewhere  abroad.  We  want  a  yeoman  class  of  contented  settlers  in 
Ireland,  and  might  soon  have  them  if  land  were  sold  in  small  parcels  without  dif- 
ficulty, and  only  for  cash. 

The  writer  suggests  the  construction  of  a  "  land- market M  for  retail-land  sales,  one 
iu  each  of  Ireland's  four  provinces ;  and  that  the  facilities  of  these  marts  be  only 
afforded  to  cash  purchasers :  he  thinks  land  should  be  sold  in  parcels  of  from  one  acre 
upward,  as  is  now  done  in  Canada. 

The  author  also  recommends  jJiat  "  all  superior  rights,  even  royalties,  should  be 
sold  to  purchasers,"  so  as  to  make  owners  real  freeholders ;  believing  that  without 
an  easily  acquired  and  perfect  ownership  in  the  soil,  the  powers  of  the  people,  and 
the  capabilities  of  the  land,  cannot  be  properly  or  fully  developed. 


On  the  Necessity  of  Prompt  Measures  for  the  Suppression  of  Intemperance 
and  Drunkenness*    By  Jambs  Haughton. 

The  drinking  usages  of  society  cast  greater  impediments  in  the  way  of  national 
improvement  than  any  other  cause  which  could  be  named. 

That  education  alone  is  insufficient  to  effect  the  overthrow  of  intemperance,  Dr.  Lees' 
statistics  of  24  counties  in  England,  prove  that  12  of  these  counties,  in  which  large 
means  of  education  exist,  have  more  crime  than  the  other  12  in  which  there  are  fewer 
such  facilities.  Drinking  customs  explain  the  difference.  In  the  first  12  counties 
there  are  147  public  houses,  and  the  crime  is  119.  In  \e  second,  the  numbers  stand, 
58  public  houses,  78  crime.  In  making  these  calculations  a  mean  is  taken  for  all  the 
counties  in  England,  and  .the  relative  population  is  taken  into  account.  So  much  for 
the  insufficiency  of  education. 

Drinking  accumulates  from  generation  to  generation.  The  consumption  of  whisky 
in  Ireland  during  the  last  century  proves  this.  It  increased  90-fold,  while  the  popu- 
lation increased  but  4-fold. 

Number  of  visits  to  public  houses  in  Edinburgh,  on  a  single  Sunday: — men,  22,202 ; 
women,  11,931;  children,  7663:  and  to  taverns,  6609.  In  Manchester, — men, 
120,122;  women,  71,111 ;  children,  23,585. 

The  use  of  the  poison  alcohol  by  persons  in  health  is  condemned  by  the  first 
authorities ;  not  a  single  one  of  eminence  is  found  in  its  favour. 

Number  of  dealers  in  intoxicating  liquors  in  1854,  in  the  United  Kingdom,  163,985. 
Supposing  these  to  receive  not  more  on  an  average  than  £3  per  day  each,  which, 
allowing  them  a  profit  of  25  per  cent.,  would  hardly  keep  their  establishments  open, 
the  annual  sum  we  spend  on  the  poison  alcohol  is  £179,563,575, — a  fearful  waste 
of  national  resources. 

*  The  Times 9  tells  us  of  the  physical  deterioration  of  the  French  people,  which  is 
thus  easily  accounted  for.  They  consume  about  1,054,000,000  gallons  of  strong 
drinks  annually,  which  is  equal  to  4£  gallons  ardent  spirits  per  head  of  the  popula- 
tion ;  England  being  about  3J;  Scotland  3;  Ireland  1*;  Prussia  1^;  the  United 
States  If. 
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Distillation  only  pays  in  labour  about  11  per  cent,  on  first  coat  of  raw 
cabinet-making  60  per  cent. ;  coach-lace  making  50 ;  silk  fabrics  20 ;  curled  hair  25. 

Prohibitory  legislation  is  in  accordance  with  the  usual  course  of  legislation,  but 
neither  sought  for,  nor  desirable,  until  sustained  by  public  opinion.  Enlightening 
public  opinion  by  calm  discussion  is  therefore  the  great  means  we  employ  for  attain- 
ment of  the  end  in  view.  «__ 

On  Agricultural  and  Manufacturing  Industry. 
By  John  Pops  Hennessy,  Inner  Temple. 

Having  contrasted  the  views  of  Adam  Smith  and  those  of  the  modern  school  of 
British  economists,  with  reference  to  the  relative  importance  of  agriculture  and  manu- 
factures, the  author  proceeded  to  examine  the  principles  on  which  the  modern  econo- 
mists rely.  Regarding  Mr.  Senior  as  a  fair  and  accurate  exponent  of  the  modern 
school,  he  made  nis  treatise  on  '  Political  Economy1  the  groundwork  of  the  memoir. 

Taking  what  Mr.  Senior  calls  the  fourth  elementary  proposition,  the  author  stated 
it  in  a  threefold  form  : — "(1)  Skill  and  space  remaining  unaltered;  (2)  additional 
labour  employed  on  land  occasions  an  increase  in  the  produce,  (3)  but  an  increase 
in  a  diminishing  ratio."  The  five  fundamental  terms  used  in  treating  the  agricultural 
side  of  the  question  are, — skill,  labour,  space,  produce,  and  materials.  In  treating  the 
manufacturing  side  of  the  question,  however,  he  showed  that  the  modern  economists 
neglected  one  of  these  terms,  and  used  another  of  them  with  a  different  signification. 
He  traced  at  great  length  the  effect  of  this  omission,  and  pointed  out  the  anomalous 
results  to  which  it  has  given  rise.  Applying  a  general  principle,  similar  to  the  fourth 
elementary  proposition,  to  both  sides  of  the  question,  he  established  the  following 
conclusions;  viz. — 1st.  that  skill  and  space  remaining  the  same,  additional  labour 
is  more  efficiently  employed  in  agriculture  than  in  manufactures;  and  2nd,  that  skill 
remaining  the  same,  additional  labour  and  capital  are  more  efficiently  employed  in 
agriculture  than  in  manufactures. 

Having  disposed  of  the  theoretical  part  of  the  question,  the  author  proceeded  to 
examine  the  practical  facts  which  bear  upon  it  He  quoted  largely  from  the  statistics 
of  the  growth  and  prices  of  cotton  in  America,  and  the  statistics  of  the  production  of 
corn  in  Prussia  and  in  Great  Britain.  From  the  statistical  tables  he  exhibited,  it 
appeared  that  practical  experience  completely  confirmed  the  views  of  Adam  Smith, 
and  was  altogether  at  variance  with  the  opinions  of  the  modern  school.  The  final 
result  of  the  memoir  consisted  of  an  application  of  the  principles  it  attempted  to 
establish  to  the  laws  regulating  the  incidence  of  taxation. 


On  the  Prevention  of  Crime.     By  William  H.  Jem  i son,  LL.Bn  Duban. 

The  proper  object  of  criminal  jurisprudence  is  the  prevention  of  actions  that  are 
injurious  to  person  or  property.  Such  actions  arise  from  one,  or  all,  of  three  sources : 
the  smallness  of  the  offenders  means ;  the  weakness  of  his  moral  principle;  or  the 
strength  of  the  inducement  Hence,  in  order  to  prevent  their  occurrence,  we  must 
better  the  material  condition  of  the  lower  classes,  improve  their  moral  principles, 
and  diminish  the  inducement  to  crime  by  the  intervention  of  punishment  The 
material  condition  of  the  lower  classes  is  promoted  by  diffusing  intelligence  and  pro- 


die  spread  of  religion  and  morality.  Lastly.  Effective  punishment  must  partake  of 
three  characteristics :  its  nature,  and  the  liability  to  it,  must  be  properly  made  known; 
its  connexion  with  the  offence  must  be  felt  as  certain ;  and  its  severity  must  be  such 
as  to  outweigh  the  advantage  expected  from  crime.  The  first-named  characteristic 
is  inconsistent  with  magisterial  discretion  as  to  the  punishments  awarded ;  with  their 
infliction  being  in  any  measure  conditional  on  the  after-conduct  of  prisoners;  and 
with  commuting  sentences.  Secondly.  The  certainty  of  connexion  between  an  offence 
and  its  penal  consequences  must  be  attained  by  securing  the  detection,  conviction, 
and  real  punishment  of  offenders.  Detection  is  promoted  by  improvements  in  our 
police  system ;  and  conviction  by  reforms  in  our  criminal  law  and  its  administration* 
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Those  nbnu  will  involve  a  better  organization  of  our  legal  service;  a  revision  of  our 
rules  of  evidence  and  trial,  and  the  removal  of  useless  technicalities.  Thirdly.  As  we 
approach  certainty  in  the  matters  of  detection  and  conviction,  the  less  need  be  the 
severity  of  our  penal  code.  This  suggests  a  moral  consideration.  That  amount  of 
severity  is  not  justifiable  which  is  a  set-off  against  imperfections  which  we  can  remove 
from  our  penal  legislation. 

In  the  Reformatory  movement  of  the  present  day,  the  great  object  of  criminal  law 
is  overlooked.  Lord  Brougham,  e.g.,  one  of  the  supporters  of  the  movement,  lays 
down  the  proposition,  "  that  all  punishment  should  be  conducted  mainly  with  a  view 
to  reforming  the  offender*."  From  the  laws  of  our  moral  nature,  however,  the  prac- 
ticability of  this  system  must  be  very  doubtful.  But  its  grand  error  is,  that  it  mis- 
takes its  proper  object.  Tbe  inculcation  of  moral  lessons  to  reform  convicts,  and  the 
infliction  of  such  punbhment  as  will  deter  others  from  committing  offences,  are  objects 
so  widely  apart,  that  they  must  be  reached  by  far  different  roads ;  and  the  latter 
object,  and  not  the  former,  is  the  end  of  criminal  law. 

Tbe  Juvenile  Reformatories,  also,  are  open  to  grave  objections.  Their  position  is 
unnatural,  for  they  seek  to  discharge  parental  duties.  Their  effects  too  are  mis- 
chievous, for  instead  of  public  attention  being  directed  to  such  means  as  will  assist 
parents  in  rearing  their  children,  these  institutions  tend  to  impress  them  with  the 
notion  that  they  shall  be  relieved,  if  not  from  supporting,  at  least  from  caring  for 
their  offspring. 

We  must,  indeed,  deprecate  immoral  tendencies  in  the  arrangements  of  our  gaols; 
but  the  prevention  of  crime  is  to  be  promoted,  not  by  reforming  convicts,  but  by 
improving,  materially  and  morally,  the  mass  of  the  people,  and  by  the  detection, 
conviction,  and  punishment  of  offenders. 


On  the  Progress  of  Free  Trade  on  the  Continent. 
By  M.  Jottrand,  of  Brussels. 

Sketch  of  the  Rise,  Progress,  and  Present  Prospects  of  Popular  Education  m 
Ireland.     By  J.  W.  Kayak agh,  Bead  Inspector  of  National  Schools. 

On  Competition  at  the  Bar.    By  Professor  Leslie. 

On  Professional  Incomes.    By  Professor  Leslie. 

The  Land-Revolution  in  Ireland.    By  John  Locke. 

This  paper,  on  the  subject  of  "  The  Encumbered  Estates  Commission/'  was  com- 
municated, on  a  day's  notice,  at  the  request  of  several  Vice-Presidents  of  the  Statis- 
tical Section,  and  therefore  some  of  the  figures  could  only  be  considered  as  proxi- 
matively  correct ;  but  the  results,  which  the  author  had  anticipatively  sketched  at  the 
Belfast  meeting  in  1852,  and  again  at  Hull  in  1853,  bad  been  fully  verified  by  the 
subsequent  success  of  this  remarkable  tribunal. 

Number  of  petitions  presented  un  to  this  date,  4159;  number  of  conveyances, 
executed,  7105 ;  total  produce  of  sales,  twenty  millions  and  seven-eighths,  of  which 
about  two-thirds,  or  fourteen  raillioiisf,  had  been  distributed.  About  two' million 
acres,  or  nearly  a  seventh  of  the  available  superficies  of  the  island,  had  fallen  under 
the  hammer  of  the  court ;  and  over  that  extent  the  proprietors  were  inpreased  in 
number  about  eight  and  a  half-fold.  The  expenditure  on  improvements  of  these  new 
and  solvent  landlords  constituted  the  principal- cause  of  the  rise  in  the  wages  of  labour, 
which  were  doubled  since  the  date  of  the  establishment  of  the  Commission.  During 
the  eight  years  of  its  continuance,  from  three  to  four  millions  yearly  were  poured  into 
reproductive  channels  over  the  surface  of  this  impoverished  agricultural  country,  i,e. 
taking  into  account  the  capital  laid  out  on  the  land  by  purchasers,  as  well  as  the 

*  National  Reformatory  Union  ;  Authorized  Report  of  Bristol  Meeting,  1856,  p.  58. 
f  Cssh  only.— Investments  in  Government  Stock,  and  credits  to  encumbrancers  who  pur* 
chased,  nay  amount  to  four  millions  more. 
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millions  set  free,  that  had  been  locked  up  in  barren  mortgages  for  scores  of  yean.  Up 
to  the  end  of  the  legal  session  of  1 853,  the  British  purchasers  were,  as  to  number, 
one  in  twenty-three ;  as  to  total  amount  of  purchase-money,  one-sixth.  Since  that 
date,  both  these  proportions  had  fallen  off,  and  the  Irish  had  now  their  land  market 
almost  entirely  to  themselves.  However,  the  fee  of  upwards  of  600,000  acres  in 
Connaught,  or  nearly  one-sixth  of  its  extent,  had  been  acquired  by  British  purchasers; 
and  the  intermixture  of  these,  and  of  English  and  Scotch  farmers  settled  in  the  far 
West,  with  the  native  proprietors  and  their  tenantry,  tended  greatly  to  improve  and 
develope  the  resources  of  this,  the  most  neglected  province  in  Ireland.  The  facilities 
afforded  for  sale  and  transfer,  and  the  vast  extent  of  land  thrown  into  the  tenant- 
market  by  the  agency  of  the  Commission,  has  certainly  prevented  tenant-right  agita- 
tion from  assuming  a  dangerous  agrarian  aspect. 

In  allusion  to  the  ruinous  condition  of  landed  property  in  the  famine  Years,  the 
author  had  been  examined  before  the  Committee  of  Peers  on  the  subject  of  the  labour- 
rate  debt,  and  stated,  from  his  personal  knowledge,  that  long  before  the  evidence  was 
closed,  the  British  Peers  on  the  Committee  had  resolved  unanimously  to  recommend 
a  remission  of  the  debt.  They  merited  our  gratitude ;  for  had  it  been  enforced,  a 
vastly  greater  number  of  our  landlords  would  hare  been  ruined,  by  their  estates  being 
forced  into  a  depreciated  market  during  the  panic  that  succeeded  the  famine. 

Registration  of  title  by  map  was  strongly  urged  on  the  consideration  of  the  Section, 
as  a  necessary  complement  to  the  completeness  of  a  great  land-sale  tribunal ;  and  the 
author  quoted,  in  support  of  that  proposition,  a  portion  of  his  own  evidence  before 
die  "  Registration  of  Title  Commission."  A  map,  correctly  executed,  under  careful 
supervision,  spoke  a  more  clear  and  definite  language  than  even  the  wording  of  the 
abstract.  The  Ordnance  Survey  was  available  as  an  auxiliary,  and  the  instrumenta- 
lity might  be  applied,  through  means  of  the  machinery  of  the  Encumbered  Estates 
Court  itself,  at  a  small  additional  cost.  Had  this  plan  been  adopted,  the  titles  to 
nearly  pne-seventh  of  the  country  would  now  have  been  in  a  forward  process  of 
registration  by  map. 

The  Encumbered  Estates  Act  had  effected  the  most  extensive  and  salutary  revolu- 
tion which  had  ever  occurred  in  Ireland,  and  that  too  without  exciting  one  angry 
international  feeling.  But  its  beneficial  results  were  mainly  extrinsic  of  the  condition 
as  to  property  being  encumbered ;  and  the  principles  upon  which  it  was  constituted 
ought  not  to  be  exceptionally  applied.  In  short,  both  at  home  and  in  our  dependen- 
cies, the  liberation  of  real  property  from  unnecessary  legal  delays  and  restrictions, 
combined  with  the  facility  of  its  sale  and  transfer,  would  increase,  beyond  calculation, 
both  the  security  and  prosperity  of  the  British  empire. 

The  author  stated,  in  conclusion,  that  the  progressive  improvements  in  the  sales 
were  in  great  part  attributable  to  the  prudence  and  cleverness  of  the  conducting  soli- 
citors ;  but  that  the  success  of  the  Commission  itself  was  due  to  the  zeal  and  ability 
of  the  Commissioners,  especially  the  late  Chief-Commissioner,  Baron  Richards,  with 
whose  name  were  indissolubly  connected  the  benefits  conferred  upon  Ireland  by  a 
tribunal  which  that  learned  judge  so  efficiently  organized  and  so  iudefatigably  worked 
in  its  earlier  stage  of  difficulties  and  unpopularity. 

On  the  Influence  of  inadequate  or  perverted  Development  in  the  production  of 
Insanity,  Disease,  Want  and  Crime.    By  Dr.  H.  M'Cormac. 

On  the  Progress  of  Free  Trade  on  the  ContinenL 
By  M.  Corr  Vandsr  Maeren. 

Registration  of  Births,  Deaths  and  Marriages  in  Ireland. 
By  Arthur  Moore,  M.B.A. 
After  some  preliminary  observations  as  to  the  uses  and  importance  of  a  general 
registration  of  births,  deaths  and  marriages,  the  author  described  the  systems  in  use 
in  England  and  Scotland,  and  their  results ;  and  adverted  to  the  anomaly  of  Ireland 
being  the  only  part  of  the  United  Kingdom,  and  almost  the  only  country  in  Europe, 
without  such  a  registration.    He  observed  that  the  object  of  his  paper  was  not  so 
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much  to  dwell  on  the  value  of  the  registration  or  on  the  above  anomaly,  as  to  invito 
attention  to  the  subject  and  discussion  of  it,  with  a  view  to  consider  the  means  of 
supplying  the  want  and  to  show  the  practicability  of  doing  so. 

in  Ireland  there  is  no  registration  whatever  of  births  and  deaths,  and  but  a  very 
limited  registration  of  marriages  under  the  Irish  Marriage  Registration  Act  of  1844, 
which  however  does  not  include  the  bulk  of  the  population,  the  Roman  Catholics. 

The  author  proposes  to  remove  this  exclusion  of  Roman  Catholic*  from  the  advan- 
tage of  registration,  by  including  their  marriages  in  a  geueral  and  uniform  registration 
corresponding  with  that  of  all  other  of  Her  Majesty's  subjects  in  the  United  Kingdom ; 
and  he  contends  that  this  may  be  done  without  offending  any  religious  convictions 
of  any  class  of  the  community.  The  Roman  Catholics,  like  others,  are  already  regis- 
tered in  England  and  Wales  and  Scotland.  The  registry  of  the  Roman  Catholic 
marriages  would  be  made  by  the  Roman  Catholic  clergy  by  whom  the  marriages  are 
solemnized,  and  by  whom  they  would  continue  to  be  solemnized  as  at  present :  the 
registry  of  other  than  Roman  Catholic  marriages  is  already  provided  for  and  would 
not  be  disturbed. 

For  the  registration  of  births  and  deaths  in  Ireland,  the  author  proposed  to  make 
use  of  the  Poor  Law  organization  established  throughout  the  country,  and  especially 
the  system  of  dispensary  districts  and  medical  officers  now  spread  all  over  the  wholo 
country  in  connexion  with  that  organization.  He  exhibited  a  map  showing  the  distribu- 
tion and  arrangement  of  the  Union  district*,  which  he  would  adopt  for  the  chief  or 
superintendent  registrar's  districts,  and  which  would  be  subdivided  by  the  Guardians 
into  smaller  or  registrars'  districts,  for  the  registration  of  births  and  deaths,  by  a  regis- 
trar to  be  appointed  for  each  by  the  Guardians  of  the  Union  district.  He  dwelt  upon 
the  importance  of  securing  the  cooperation  of  the  medical  profession  in  this  registra- 
tion, and  of  obtaining  qualified  registrars. 

The  register  of  books  of  births,  deaths  and  marriages,  as  they  became  filled,  would 
be  deposited  and  open  to  searches  in  the  office  of  the  superintendent  registrar  of  the 
Union  district;  and  certified  copies  of  the  entries  therein  would  be  made  every  three 
months  for  transmission  to  a  general  register-office  in  Dublin,  where  they  would  be 
indexed  and  open  to  searches :  and  means  would  thus  be  Afforded  of  access  to  the 
registers  of  all  births,  deaths  and  marriages  occurring  throughout  Ireland.  An  annual 
summary  and  report  to  be  made  by  the  Registrar-General  and  laid  before  Parliament. 

The  author's  estimate  of  the  expense  of  establishing  the  system  proposed,  amounted 
to  about  £31,586,  of  which  £1  1,887  would  be  paid  out  of  the  public  funds,  and  about 
£19,699  out  of  the  local  rates.  These  amounts  are  about  one-third  of  the  cost  for 
England,  where  the  total  expense  is  about  £92,000  per  annum,  of  which  £27,000  is 
paid  out  of  the  fuuds  of  the  state,  and  £65,000  out  of  local  rates.  The  annual  cost 
of  the  central  office  for  England  is  £18,000;  that  for  Ireland  would  be  £6900,  being 
only  one-third  more  for  the  general  registration  of  births,  deaths  and  marriages,  than 
the  present  cost  (nearly  £4000)  of  the  central  office  for  the  registration  of  a  small 
portion  of  marriages  only.  The  estimate  for  Ireland  is  at  the  rate  of  a  farthing  and 
seven-tenths  of  a  farthing  per  head  on  the  population,  for  the  charge  on  the  public 
funds  of  the  state ;  and  one  farthing  and  six-tenths  of  a  farthing  on  the  Poor  Law 
valuation  for  the  charge  on  the  local  rates.  But  the  author  suggests  that  the  whole 
of  these  expenses,  for  an  object  of  so  great  and  general  importance,  and  one  of  national 
rather  than  local  concern,  might  fairly  be  charged  upon  the  funds  of  the  state.  If 
that  were  done  for  Ireland,  it  would  be  equally  right  that  it  should  be  done  for  the 
other  portions  of  the  United  Kingdom.  He  had,  however,  followed  the  existing  pre- 
cedents in  this  respect,  both  in  his  calculations  and  in  the  draft  of  a  Bill  which  he 
prepared  and  submitted  to  the  Government  in  the  summer  of  last  year  (1856),  for 
carrying  out  in  detail  the  plan  of  which  his  paper  gave  a  general  outline. 

Reasons  for  extending  Limited  Liability  to  Joint-Stock  Banks. 
By  Joseph  J.  Murphy. 

It  was  argued  in  this  paper,  that  could  banking  companies  of  limited  liability  be 
established  anywhere  with  perfect  facility,  the  country  would  be  covered  with  banks, 
and  the  small  towns  and  rural  districts  would  be  enabled  to  enjoy  those  advantages 
of  accommodation  from  banks  having  their  head-quarters  on  the  spot,  which  at  pre* 
sent  ore  confined  to  great  commercial  centres. . 
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It  was  also  argued  that  if  banks  had  limited  liability,  a  large  proportion  of  those 
who  are  now  depositors  would  become  shareholders ;  the  proportion  of  share  capital 
to  deposits  would  be  increased,  and  the  banks  would  be  sounder  and  safer. 

For  the  purpose  of  security,  it  was  urged  that  directors  ought  to  be  under  unlimited 
liability ;  and  that  auditors  elected  by  the  shareholders  should  bare  full  powers  of 
investigation. 

These  suggestions  apply  to  what  is  properly  banking.  With  respect  to  the  issue 
of  notes,  it  was  proposed,  that  should  Parliament  decide  on  its  increase,  any  party 
should  be  permitted  to  issue  notes  against  bullion  and  securities ;  but  that  companies 
should  not  be  permitted  to  issue  notes  to  a  greater  extent  than  their  paid-up  capital. 

It  was  also  suggested  that  the  State  ought  to  withdraw  its  account  from  the  Bank 
of  England  and  keep  its  own  cash ;  partly  for  the  purpose  of  doing  the  work  more 
cheaply,  and  partly  in  order  to  dispel  the  false  notion  that  the  Bank  of  England  it 
somenow  a  department  of  State.        

On  the  Apprenticeship  System  in  reference  to  the  Freedom  of  Labour. 
By  Robert  Napier,  of  Glasgow. 


On  Cottage  Gardening  and  Labourers'  Holdings*    By  M.  Nivers. 


On  some  of  the  Economical  Questions  connected  with  the  Effect  of  the  New 
Gold  in  diminishing  the  Difficulties  of  the  last  few  Years.  By  W.  Ne  it- 
march,  F.S.S.  

On  the  Recent  Legislation  relative  to  Joint- Stock  Companies  and  Joint-Stock 
Banks.    By  W.  Newmarch,  F.S.S. 

The  author  began  by  a  historical  outline  of  the  subject.  Joint-stock  companies  are 
unknown  to  the  common  law  ;  but  the  clear  necessity  of  the  case  enabled  many  com- 
panies to  obtaiu  charters  of  incorporation,  for  railway  and  other  purposes,  from  Par- 
liament in  some  cases,  and  from  the  Crown  in  others. 

In  1844  an  Act  of  Parliament  was  passed  for  the  purpose  of  regulating  the  incor- 
poration and  working  of  joint-stock  companies,  both  for  banking  and  for  other  purposes. 
This  made  the  granting  of  charters  of  incorporation  dependent  on  the  discretion  of 
the  Board  of  Trade,  and  provided  a  very  elaborate  administrative  system  for  then- 
regulation.  It  did  not  touch  the  question  of  limited  liability,  which,  until  1856,  could 
be  conferred  only  by  Parliament.  The  administrative  system  thus  provided  did  not 
work  satisfactorily ;  it  was  too  complex,  and  gave  the  public  a  false  idea  of  security, 
which,  in  many  well-known  unhappy  cases,  proved  not  to  be  well-founded. 

In  1856  the  well-known  Joint-Stock  Companies'  Act  was  passed.  A  great  mass 
of  complications  was  got  rid  of  on  that  occasion,  by  laying  down  the  principle,  un- 
known to  the  common  law,  but  necessary  at  the  present  time,  that  incorporation  is 
not  a  favour  but  a  right ;  and,  consistently  with  that  principle,  but  unlike  the  Act  of 
1844,  the  administrative  machinery  it  provided  for  the  purpose  of  registration,  publi- 
city, &c,  is  extremely  simple.  The  Act  of  1856  also  empowered  companies  to  con- 
stitute themselves  with  the  privilege  of  limited  liability.  It  did  not  affect  banks 
which  remain  under  the  operation  of  previous  acts,  nor  insurance  companies,  which, 
from  the  nature  of  their  business,  are  able  to  protect  themselves  against  the  coaunoo- 
law  operation  of  unlimited  liability  by  treating  every  policy  as  a  separate  contract  and 
inserting  therein  a  clause  limiting  their  liability.  Thus  the  question  stands  at  present. 

The  author  thinks  the  settlement  of  the  general  question  Of  limited  liability  quite 
satisfactory,  owing  both  to  the  fairness  of  the  principle  and  to  the  simplicity  of  the 
machinery ;  but  is  inclined  to  hesitate  about  its  extension  to  banking  companies,  in 
consequence  of  the  important  difference  between  companies  which  trade  on  their  own 
moneys,  such  as  railway  and  manufacturing  companies,  and  those  which,  like  banks, 
trade  in  great  part  on  the  money  of  others,  ft  is  perhaps  reasonable  to  attach  a  more 
stringent  responsibility  to  the  latter  than  to  the  former.  At  the  same  time  the  author 
desires  to  reserve  to  himself  full  liberty  of  considering  any  new  facts  a*  regards  the 
extension  of  limited  liability  to  banks. 
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Census  of  the  Province  of  Canterbury,  New  Zealand. 
By  Henry  John  Porter. 

On  the  Census  of  Sydney,  New  South  Wales.    By  Henry  John  Porter. 

On  the  Money  Grants  of  the  British  Association. 
By  Professor  Phillips,  F.R.S. 

On  the  Rise,  Progress,  and  Value  of  the  Embroidered  Muslin  Manufacture 
of  Scotland  and  Ireland.  By  John  Strang,  LL.D. 
This  branch  of  manufactures  was  first  commeuced  in  Scotland  in  1770,  and  ex- 
tended to  Ireland  in  1780.  Few  exhibit  such  a  division  of  labour  as  that  of  sewed 
muslins.  The  spinniug  of  the  yarn  for  making  the  cloth — its  warping  and  weaving, 
and  the  reeling  of  the  cotton  for  embroidery ;  next  the  designing  and  drawing  the 
patterns,  either  on  the  stone  or  zinc  plate — the  block,  stereotype  or  copperplate  en- 
graving— the  printing  of  the  patterns  on  the  cloth — the  despatch  of  the  different 
pieces  of  printed  cloth  to  at  least  400  or  500  agents  in  Ireland— the  distribution  of 
them  throughout  the  country  for  embroidery — the  return  of  them  to  the  agents,  and 
their  transit  back  to  Glasgow— their  examination  and  preparation  for  the  bleacher — 
the  various  operations  through  which  they  pass  at  the  bleachfield — their  return  to 
the  Glasgow  warehouse,  there  to  be  made  up,  ironed,  folded,  ticketed,  arranged  ac- 
cording to  quality  and  price,  placed  in  fancy-paper  boxes,  and  packed  ready  to  be 
despatched  either  to  the  home  or  foreign  market.  The  history  of  an  embroidered 
collar  or  handkerchief  could  indeed  tell  as  varied  a  tale  as  that  of  the  famous  *  Ad- 
ventures of  a  Guinea.' 

While  a  large  portion  of  the  labour  employed  in  this  industry  depends  on  Ireland, 
the  chief  seat  of  the  manufacture  is  in  Glasgow ;  there  are  thirty-five  to  forty  manu- 
facturing houses  in  Glasgow;  one  or  two  in  Paisley ;  and  about  a  dozen  in  the  north 
of  Ireland. 

The  gross  value  of  the  sewed  muslin  manufacture  of  Scotland  and  Ireland  last  year 
amounted  to  a  little  above  or  below  a  million  sterling.  There  were  employed  in  it 
2200  weavers,  450  pattern  printers  and  pressmen,  200  designers  and  salesmen,  and 
3680  females  occupied  within  the  warehouse  doors  in  the  various  manipulations  ot 
sewing,  darning,  ironing,  making-up,  &c. ;  while  in  the  work  of  embroidery  itself, 
there  might  be  200,000  females  employed  in  Ireland  and  25,000  in  Scotland.  The 
annual  amount  of  these,  according  to  the  average  rate  of  weekly  wages  paid  to  such 
parties,  is  as  follows : — 

Per  annum. 
Weavers,  average  wages  per  week  ....  14*.  ....  .£80,800 

Pattern  printers    13*.  6</.      ....       15,795 

Designers  and  salesmen 43*.  1  Orf.    ....       22,790 

Females  in  warehouses 7*.  ll^d.  .. ..       76,128 

.£195,513 

Embroiderers  in  Ireland 400,000 

„  Scotland 80,000 

.£675,513 
Adding  to  this  the  cost  of  labour  in  spinning  the  yarn  for  the  muslin  and  the  cotton 
fur  the  embroidery,  in  bleaching  the  goods,  in  making  the  fancy-paper  boxes,  baskets, 
&c.  in  which  the  finished  goods  are  packed,  it  will  not  be  too  much  to  assume  that 
the  embroidered  muslin  manufacturer  pays  for  labour  a  sum  little  short  of  £700,000 
a  year.  The  truth  is,  among  the  many  industries  of  Great  Britain,  there  are  few  into 
which  labour  enters  more  deeply  than  the  muslin  embroidery  manufacture,  and  in 
which  the  labouring  classes  have  a  deeper  interest. 

On  the  Advantages  arising  from  the  Improvement  of  Tidal  Rivers  as 
exemplified  by  the  State  of  the  Clyde.    By  John  Strang,  LLJD. 
Though  the  area  drained  by  the  river  above  Glasgow  is  736  square  miles,  and  sends 
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down  water  in  floods  to  the  extent  of  33,885  cubic  feet  per  second,  it  remained  in  a 
state  of  nature  till  1768,  having  only  about  2  feet  depth  of  water.  By  different 
engineering  appliances  it  has  been  rendered  navigable  for  vessels  drawing  20  feet  of 
water.  This  has  been  accomplished,  first,  by  placing  jetties  on  its  aides,  whereby 
to  contract  the  stream  and  cause  it  to  deepen  itself  by  its  own  flow  and  scour; 
this  obtained  a  depth  of  8  feet ;  secondly,  by  connecting  these  jetties  by  half-tide 
parallel  dykes,  a  depth  of  10  feet,  and  thereafter  by  raising  them  to  fall-tide  dykes,  a 
depth  of  11}  feet ;  thirdly,  by  the  combined  processes  of  dredging  and  steam  naviga- 
tion prior  to  1839,  which  augmented  the  depth  to  15  feet ;  and,  fourthly,  by  the  com- 
bined action  of  the  dykes,  deepening  machines,  and  steam-boat  traffic,  an  artificial 
river  has  been  got  at  this  moment  of  a  depth  of  18  feet  water  at  neap,  and  20  feet  at 
spring  tide. 

With  respect  to  the  harbour  of  Glasgow,  its  changes  have  been  equally  marked. 
In  1800,  the  whole  quay  was  limited  to  a  few  hundred  yards ;  now  it  extends  to  about 
two  miles  and  a  half,  leaving  an  extent  of  harbour  of  upwards  of  sixty  acres.  From 
these  causes  the  number  of  vessels  arriving  at  the  harbour  of  Glasgow  has  increased 
from  11,505,  with  a  tonnage  of  696,261,  in  1828,  to  17,960,  with  a  tonnage  of 
1,612,681,  in  1857.  While  in  1828,  there  was  not  a  steamer  above  100  tons  at  the 
harbour,  now  such  vessels  as  the  'Persia'  of  3600  tons  sail  down  the  river.  The  cost  of 
the  vast  improvements  made  from  1770  to  July  1856,  has  been  £2,527,199.  The 
revenue  collected  during  the  same  period  has  been  .£1,603,219,  the  annual  revenues 
being  in  1771,  jg!046;  in  1857,  ,£82,797.  The  debt  of  the  Clyde  Trust  is  about 
£92,000,  consequently  a  large  portion  of  what  may  be  called  real  capital  has  been 
paid  out  of  revenue. 

The  following  commercial  results  may  be  mainly  attributed  to  the  improvement  of 
the  Clyde  navigation.  Before  these  operations  were  begun,  Glasgow  had  little  or  no 
trade,  whereas  in  1 854  the  aggregate  value  of  exports  from  its  harbour  was  £4,905*557. 
Previous  to  1801  her  registered  ships  were  nit;  in  1856  they  amounted  to  563,  with 
a  tonnage  of  204,331 .  Formerly  no  ships  were  built  on  the  river ;  now  there  are  bo 
fewer  than  thirty  large  ship-building  yards,  which  in  1853-54  constructed  no  less  than 
266  vessels,  having  an  aggregate  tonnage  of  168,000  tons,  which,  with  the  marine 
engines  made  during  the  same  period,  involved  the  enormous  coat  of  nearly 
^£5,000,000  sterling.  Previous  to  the  commencement  of  the  river  improvements, 
Glasgow  had  only  24,000  inhabitants ;  now  she  can  count  420,000,  whilst  its  annual 
rental,  which  in  1750  was  only  a  few  thousands,  was  last  year  «£  1,3 19,720.  The 
improvements  on  the  Clyde  have  given  a  most  decided  impulse  to  the  opening  np  and 
working  of  the  rich  fields  of  minerals  by  which  Glasgow  is  surrounded,  and  which 
produced  in  1855  from  coal  and  iron  alone  nearly  «£4,900,000,  and  gave  employment 
to  233,912  persons,  who  received  for  their  labour  wages  to  the  amount  of  jg  1,975,9 19. 
So  much  for  Glasgow. 

In  a  national  point  of  view  these  improvements  have  proved  equally  beneficial.  In 
1796  the  Customs  duties  levied  at  Glasgow  were  only  j£125,  whereas  last  year  they 
amounted  to  .£718,855.  In  1781  the  revenue  of  the  Glasgow  Post-office  was  only 
^4341 ;  in  1856,  with  a  penny  postage,  it  reached  .£64,958.  In  one  word,  while 
the  taxes  paid  into  the  public  treasury  through  the  city  of  Glasgow  before  the  Clyde 
improvements  commenced  were,  comparatively  speaking,  nothing,  the  various  crown 
revenues  collected  there  last  year  reached  no  less  a  sum  than  j£2,800,000,  or  i  ~ 
Jl-th  part  of  the  whole  revenue  of  the  country. 


On  Criminal  Statistics.    By  J.  C.  Symons. 

On  the  Criminal  Statistics  of  Ms  and  certain  Foreign  Countries. 
By  W.  M.  Tartt,  F.S.S. 
The  paper  under  the  above  title  was  a  "  Report  on  Criminal  Returns,"  prepared  in 
conformity  with  a  resolution  passed  by  the  Committee  of  Section  P  at  the  Meeting 
of  the  British  Association  in  1856. 

Its  object  was  to  inquire  into  *  the  present  mode  of  framing  our  criminal  returns, 
and  the  best  means  of  improving  them,"  with  especial  reference  to  the  forms  adopted 
in  France  and  Prussia.    During  the  sittings  of  the  Committee,  its  attention  had  fre- 
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quently  been  called  to  the  imperfect  character  of  the  materials  on  which  we  had  long 
depended  for  our  criminal  statistics ;  but  improvements  were  even  then  being  intro- 
duced which  have  anticipated  much  that  might  otherwise  have  been  proposed.  The 
discussions  at  the  meetings  of  the  International  Congress,  Lord  Brougham's  speech 
on  Judicial  Statistics,  and  the  newly-established  statistical  department  at  the  Home 
Office,  had  already  had  a  practical  influence. 

As  part  of  the  Report,  abstracts  are  given  of  the  Forms  of  all  the  returns  in  use 
previous  to  Michaelmas  1856,  of  those  subsequently  introduced,  and  of  some  of  those 
which  have  been  adopted  in  France  and  Prussia.  Our  own  (previous  to  1856)  had 
reference  to  the  mere  number  and  nature  of  the  offences  and  their  punishment,  rather 
than  to  the  character  and  sources  of  our  criminal  population  ;  and  in  some  of  their 
details  there  was  a  minuteness  which  bad  no  useful  object.  The  information  to  be 
derived  from  the  police  did  not  form  any  established  part  of  the  particulars  required. 
It  is  suggested  that  in  future  the  information  collected  from  this  and  other  sources 
should,  in  the  first  instance,  be  as  comprehensive  as  possible ;  but  that,  in  giving  it 
an  abridged  or  tabular  form,  there  should  be  a  distinct  bearing  upon  6ome  social  or 
legislative  question,  and  a  generalization  of  details. 

As  a  minor  instance,  we  are  referred  to  the  Table  of  Ages  of  Offenders,  in  which 
the  present  classification  is  purely  arbitrary  and  unmeaning ;  commencing  with  "  under 
twelve,"  to  which  no  signincancy  can  be  attached,  and  afterwards  proceeding  merely 
by  decades.  Considering  that  since  the  reformatory  process  has  been  substituted  for 
punishment,  the  principle  of  doli  incapax  is  rarely  applied  much  beyond  the  age  of 
eight  years,  and  that  sixteen  is  the  limit  of  jurisdiction  under  the '  Juvenile  Offenders* 
Acta,'  the  first  period  in  the  classification  of  ages  should  be  from  eight  to  sixteen  ; 
and  as  the  persons  who  have  given  most  attention  to  the  subject  are  of  opinion  that 
those  who  pass  beyond  twenty-one  without  the  commission  of  crime,  rarely  fall  into 
criminal  courses  afterwards,  the  next  period  should  be  from  sixteen  to  twenty-five ; 
the  next  (the  passions  and  temptations  being  still  strong)  might  be  from  twenty-five 
to  thirty-five ;  the  next — in  which  there  are  rarely  any  general  causes  beyond  pre- 
vious bad  habits— might  be  from  thirty-five  to  fifty ;  and  from  fifty  upwards,  the  first 
commission  of  crime  (at  every  age  which  it  would  include)  is  the  result  of  accidental 
circumstances.  In  Prussia  the  classification  is  "  under  sixteen ;  sixteen  to  twenty- 
four;  twenty- four  to  forty;  forty  to  sixty;  sixty  and  upwards."  Either  of  these 
arrangements  would  reduce  eight  unmeaning  divisions  (as  at  present)  to  five  which  have 
some  significance;  and  it  is  suggested  that  on  this  principle  every  return  should  be  made. 

The  enumeration  of  offences  might  also,  it  is  thought,  be  much  abridged,  both  in 
the  returns  and  in  the  tables  which  form  so  large  a  portion  of  the  *  Judicial  Statistics, 
Part  I,'  prepared  at  the  Home  Office  under  the  able  superintendence  of  Mr.  Redgrave. 
In  Prussia  they  are  classed : — "  1.  Riot  and  tumult  with  acts  of  violence.  2.  Mutinous 
risings  of  prisoners  with  acts  of  violence.  3.  Coining.  4.  Wilful  perjury  and  sub- 
ornation of  perjury.  5.  Offences  agaiust  decency.  6.  Murder.  7.  Manslaughter. 
8.  Infanticide.  9.  Causing  miscarriage.  10.  Serious  bodily  injuries.  11.  Poisoning. 
12.  Serious  thefts,  first  offence.  13.  Serious  theft,  repeated  offence.  14.  Robbery 
with  force.  15.  Forging  documents.  16.  Fraudulent  bankruptcy.  17.  Wilful 
burnings  and  other  Eke  offences  dangerous  to  the  community.  18.  Offences 
in  official  situations.  10:  Other  offences  not  included  in  the  above.  There  is  simitar 
brevity  and  meaning  in  the  Prussian  classification  of  occupations  or  callings;  but  here 
a  good  deal  must  depend  upon  national  character  and  pursuits;  and  for  ourselves, 
perhaps,  our  own  classification  is  preferable. 

From  the  French  returns,  it  is  suggested  that  we  might  take  with  advantage  some 
notice  of  the  effect  of  extenuating  circumstances  admitted  by  a  jury  in  reducing 
punishments.  But  the  point  chiefly  dwelt  upon  is  the  necessity  of  knowing  more 
than  we  learn  at  present  of  a  prisoner's  character  and  antecedents.  In  No.  I.  of  the 
new  tables,  the  police  are  required  to  furnish,  "  as  far  as  is  known,"  the  number  of 
previous  commitments ;  and  in  No.  II.  the  "  age,  sex  and  birth-place."  The  informa- 
tion as  to  previous  commitments  is,  at  present,  a  good  deal  taken  from  the  statements 
made  to  the  chaplains  and  gaolers  by  the  prisoners  themselves,  and  is  therefore  little 
to  be  depended  upon ;  and  the  birth-place  of  a  prisoner  is  of  less  importance  than  to 
ascertain  correctly  whether  the  crimes  committed  in  any  particular  district  are  by 
residents  or  non-residents.  When  there  is  an  increase  in  the  former,  it  is  a  proof  that 
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there  is  something  in  the  social  state  of  (he  locality  which  requires  to  be  remedied ;  if 
in  the  latter,  it  is  merely  a  matter  for  the  police,  or  probably  accidental.  The  informa- 
tion on  these  points  should  form  part  of  the  police  returns,  and  should  be  carefully 
collected,  together  with  the  number  of  times  which  the  offenders  have,  in  each  ease, 
been  charged  with  crimes,  whether  proceeded  against  or  not ;  and  if  not,  for  what 
reason.     With  this  view  a  new  Table  is  proposed,  in  the  form  annexed. 

To  obtain  more  accurate  knowledge  as  to  the  criminal  classes  generally,  it  might 
be  desirable  to  adopt  the  Casters  Judiciaires,  which  have  been  established  in  Francs 
since  1851.  They  are  placed  in  various  localities— one  of  them  in  each  judiciary 
arrondmement.  Notices  are  there  sent  and  classed,  of  every  sentence  of  the  different 
tribunals  of  the  empire  (soit  du  continent,  soil  des  colonies),  against  any  individual 
belonging  to  any  part  of  a  district  of  which  the  locality  where  the  easier  is  established 
may  be  considered  as  the  centre.  Of  these  there  are  361.  If  it  be  wished  to  ascer- 
tain the  antecedents  of  any  individual,  application  is  made  to  the  clerk  (au  grefe  dm 
tribunal  de  premiere  instance),  by  whom  the  cosier  for  the  district  to  which  the  party 
belongs,  is  Kept ;  and  a  notice  is  returned,  stating  that  he  either  has,  or  has  not,  been 
reported  as  a  criminal ;  and  if  reported,  how  often  and  under  what  circumstances.  A 
central  office  takes  cognizance  of  foreigners  and  persons  whose  birth-place  is  unknown. 
The  police  find  in  these  establishments  one  of  the  most  valuable  and  ready  modes  of 
obtaining  information* ;  and  they  appear  to  be  a  much  more  reliable  source  than  the 
revelations  made,  as  with  us,  by  the  criminal  himself  in  his  interviews  with  the 
governor  or  chaplain. 

It  is  stated  in  the  Report  that  the  ( Judicial  Statistics,  Part  I.,'  prepared  at  the 
Home  Office,  for  1856,  show  a  continued  approach  to  whatever  is  most  valuable  in 
the  best  returns  which  have  hitherto  been  devised :  that  for  still  greater  improvements 
we  shall  find  the  materials  in  our  police  offices  and  courts  of  petty^sessions ;  and  that 
it  is  principally  from  these  sources,  if  carefully  and  faithfully  watched,  that  we  can 
derive  a  better  knowledge  of  the  classes  whom  we  have  to  punish  or  reclaim.  It  is 
not  thought  desirable,  however,  till  our  arrangements  are  more  perfect,  to  require 
complicated  returns  either  from  the  prison  officers  or  the  police.  The  great  object 
should,  in  the  first  instance,  be  to  make  them  reliably  correct. 

Proposed  New  Table,  for  the  Police. 

(Taken  from  the  'Journal  of  the  Statistical  Society,'  vol  i.  (1839),  p.  174,  with 

additions.) 


I.  Domicile. 

11.  Parentage. 

III.  Antecedents. 

Native 
Inhabitant. 

Inhabitant 
not  native. 

Stranger. 

Legitimate. 

lllegiti. 
mate. 

Foundling 
or  Orphan. 

Previous 
Charges. 

Previous 
Convictions. 

• 

The  second  division  is  chiefly  applicable  to  juveniles, 
for  the  remaining  information  required. 


A  column  o(  Remarks  may  be  added 


On  Equitable  Villages  in  America.    By  Richard  H.  Walsh. 

These  villages  were  established  on  the  principle  that  persons  were  to  sell  articles  at 
wlint  they  cost  without  any  profit;  the  sovereignty  of  every  individual ;  the  adapta- 
tion of  the  supply  to  the  demand ;  and  a  circulating  medium  founded  on  the  cost  of 
labour.  A  paper  had  been  read  before  the  meeting  of  the  Association  in  Glasgow, 
in  which  these  villages  were  stated  to  have  produced  a  successful  result.  The  author 
had  however  corresponded  with  parties  in  America  and  found  that  they  had  failed, 
and  that  veryunsettled  notions  of  family  relations  prevailed  in  diem.  He  considered 
that  the  principles  upon  which  they  had  been  founded  were  unsound  and  mischievous 
in  practice. 

*  Compte  rendu  <Je  la  deuxiemeSesuon  ( 1855)  du  Congres  International  de  Sutiatioue,  p.  86, 
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On  Statistics  of  Crime  in  Ireland,  1842  to  1856.    By  Jambs  MoncRiepf 

Wilson,  Actuary,  Manager  of  the  Patriotic  Assurance   Company  of 

Ireland. 

The  state  of  crime  in  Ireland,  for  tbe  period  extending  from  the  beginning  of  1 842 
to  the  end  of  1856,  was  analysed  so  far  as  to  show  the  classes  of  crime  most  prevalent 
during  their  course,  a  course  made  up  partly  of  years  of  prosperity,  but  chiefly  of 
years  of  adversity ;  and  a  more  complete  analysis  was  made  of  the  state  of  crime  for 
the  year  1851,  showing  the  effect  of  age,  sex,  locality,  education,  general  occupation, 
intemperance  and  low-class  house  accommodation  upon  the  amount  of  crime  during 
that  year. 

The  following  are  some  of  the  general  conclusions  derived  from  the  facts  established 
in  the  paper :— 

1 .  That  the  best  measure  of  crime  at  present  available  is  the  computation  of  the 
persons  committed  or  held  to  bail  for  trial  at  the  assizes  and  quarter  sessions. 

2.  That  when  a  person  is  thus  committed  or  held  to  bail,  the  probabilities  in  favour 
of  bit  being  convicted  are  about  fifty-six  to  forty-four. 

3.  That  no  inquiry  into  criminal  statistics  can  be  of  service  unless  the  proportion  of 
crime  to  population  is  taken  into  account. 

4.  That  although  it  is  impossible  to  state  the  exact  population  of  Ireland  for  each 
year  from  1841  to  1856,  that  still  approximations  not  very  wide  of  the  truth  may  be 
made ;  and  that  in  Table  A  are  given  about  as  accurate  approximations  to  the  real 
population  in  the  different  years  referred  to  as  could  well  be  arrived  at. 

5.  That  want  and  privation  are  fruitful  multipliers  of  all  classes  of  crime,  and  that 
to  such  a  parentage  we  may  safely  look  first,  when  we  find  a  general  and  marked 
increase  in  tbe  crime  of  a  country. 

6.  That  although  during  the  years  of  distress  the  tendency  to  every  class  of  crime 
was  greatly  increased,  it  was  chiefly  offences  against  property,  committed  without 
violence,  which  swelled  the  criminal  calendar  of  Ireland. 

7.  That  in  the  year  1856,  the  tendency  to  crime  in  Ireland  was  certainly  not 
greater,  and  perhaps  less  than  the  tendency  to  crime  in  England  and  Wales. 

8.  That  the  criminal  returns  for  Ireland  are  susceptible  of  very  considerable  im- 
provements, which  if  made,  would  greatly  add  to  their  value  for  practical  purposes. 

9.  That  among  males  the  maximum  tendency  to  crime  for  Ireland  genera  fly,  and 
for  each  province  separately,  except  Connaught,  is  at  the  period  of  life  twenty-one  and 
above  sixteen,  and  for  Connaught  at  the  stage  thirty  and  above  twenty-one;  and 
among  females,  for  Ireland  generally,  and  for  each  province  separately,  at  the  period 
thirty  and  above  twenty-one ;  and  that  in  both  cases  the  minimum  tendency  is  at  the 
period  twelve  and  under. 

10.  That  the  tendency  to  crime  generally  among  males  is  only  about  two-fifth 
times  the  like  tendency  among  females ;  but  that  were  the  petty  offences  against  pro* 
perty  committed  without  violence  to  be  dropped,  the  tendency  to  all  other  classes 
of  crime  among  males  would  be  between  four  and  five  times  the  like  tendency  among 
females. 

11.  That  the  tendency  to  the  class  of  crime  termed  "  Offences  against  the  person," 
attains  its  minimum  among  both  sexes  at  the  period  of  life  thirty  and  above  twenty- 
one ;  that  the  tendency  to  the  classes  "  Offences  against  property  committed  with  and 
without  violence,"  reaches  its  maximum  among  females  at  the  same  period,  but  among 
males  at  the  earlier  stage  twenty-one  and  above  sixteen ;  that  the  tendency  to  the 
class  "  Malicious  offences  against  property,*'  is  at  its  maximum  among  both  sexe* 
at  the  stage  twenty- one  and  above  sixteen ;  and  that  the  tendency  to  the  classes 
••  Forgery  and  offences  against  the  currency,"  and  "  Offences  other  than  those  before 
enumerated,"  is  at  its  maximum  also  among  both  sexes  at  tbe  period  thirty  and 
above  twenty-one. 

12.  That  among  both  sexes  the  tendency  to  each  separate  class  of  crime  is  at  it* 
minimum  at  the  period  of  life  twelve  and  under. 

13.  That  popular  education  singly,  but  especially  when  combined  with  occupation, 
tends  powerfully  towards  the  diminution  of  crime. 

14.  That  the  good  effects  of  education  and  occupation  upon  crime  are  very  seriously 
marred  by  the  abuse  of  intoxicating  drinks.  ; 

15.  That  low-class  house  accommodation  tends  towards  the  increase  of  crime. 
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16.  That  popular  education,  as  a  means  of  diminishing  the  tendency  to  nine, 
although  most  useful  in  so  far  as  both  sexes  are  concerned,  has  yet  much  greater  effect 
among  females  than  among  males ;  and  that  is  emphatically  the  case  in  regard  to 
four  classes  of  crime,  "  Offences  against  the  person ; "  "  Offences  against  property,  com- 
mitted without  violence ; "  "  Malicious  offences  against  property ; "  and  "  General 
offences,"  class  No.  6. 

17.  That  ignorance  among  the  masses  operates  injuriously  among  the  educated  sn4 
half-educated  classes ;  and  that,  therefore,  to  educate  the  ignorant  will  tend  not  only 
to  lessen  crime  among  them,  but  also  among  the  better  classes  thus  influenced. 

18.  That  were  intoxicating  drinks  less  freely  used,  education  as  a  means  of  reducing 
crime,  would  become  more  powerful. 

19.  That  the  average  tendency  to  the  class  of  crime  "  Offences  against  property 
committed  without  violence, "  is  rather  more  than  one-half  the  average  tendency  is 
crime  generally. 

20.  That,  as  without  doubt,  a  large  proportion  of  the  serious  crimes  are  committed 
by  those  who  in  early  life  may  be  said  to  have  served  an  apprenticeship  to  theft;  and 
that  as  this  (No.  3)  class  of  offences,  at  the  period  of  life  sixteen  ana  above  twelve 
among  males,  amounts  to  three-fourths  of  the  whole  male  crime,  and  among  females 
to  five-sixths  of  the  whole  female  crime,  it  follows  that  by  getting  reduced  at  this 
period  of  life  such  offences,  the  more  serious  crimes  at  later  stages  of  life  will  also 
necessarily  be  diminished. 

21.  That  increasing  efforts  should  be  made  to  educate  all  classes  of  the  youth  of 
both  sexes ;  and  that  instructors  ought  not  to  rest  satisfied  with  merely  teaching  to 
read  and  write ;  but  that  in  all  our  schools  industrious  habits  should  be  constantly 
taught,  cleanliness  and  morality  daily  enforced,  and  the  danger  of  indulging  toe 
in  the  use  of  intoxicating  drinks  frequently  pointed  out 


On  Deferred  Annuities.    By  Cadogan  Williams. 


On  Annuities  an  Lives.    By  Charles  M.  Willich, 


On  a  Formula  for  ascertaining  the  Expectation  of  Life* 
By  Charles  M.  Willich. 


On  the  Application  of  the  Decimal  Soak  in  the  Construction  of  Maps. 
By  James  Yates,  Jf~4.,  F.R.S. 

Since  the  commencement  of  the  present  century  the  various  continental  nations 
have  to  a  great  extent  adopted  the  principle  of  constructing  their  maps  upon  a  decimal 
scale.  1  will  briefly  notice  some  of  the  most  remarkable  examples  that  have  come  to 
my  knowledge. 

In  France,  the  adoption  of  this  principle  is  an  obvious  and  even  necessary  result  of 
the  introduction  of  the  metre  as  the  unit  of  length.  Millimetres,  centimetres  and  deci- 
metres are,  as  a  matter  of  course,  made  to  correspond  in  maps  to  kilometres,  or  other 
decimal  multiples  of  themselves,  on  the  surface  of  the  earth. 

Hence  one  of  the  results  of  the  annexation  of  Algeria  to  France  has  been  the  pro- 
duction of  excellent  plans  of  cities  and  maps  of  the  whole  country,  all  decimally  pro* 
jected,  and  consequently  either  identical  in  their  scale,  or  related  to  one  another  by 
clear  and  simple  proportions*. 

In  Belgium  this  important  task  has  been  taken  out  of  the  hands  of  the  Government 
and  admirably  executed  by  M.  Van  der  Maelen,  proprietor  of  the  celebrated  Geo- 
graphical Institute.  He  has  published  a  general  map  of  Belgium,  the  scale  of  which 
is  1  to  200,000 ;  and  another,  the  scale  of  which  is  1  to  20,000  (Brussels,  1846),  con- 
sequently ten  times  the  dimensions  of  the  preceding. 

Sardinia  is  most  honourably  prominent  in  labours  of  this  class.    Its  Government 

•  'Carte  de  la  Province  d' Alger/  1838.  Scale  1  to  400,000.  « Environs  de  Buds/  IMS. 
Scale  1  to  90,000.    « Flan  d'AIger  el  de  ses  Environs,'  1832.    Scale  1  to  S500. 
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hoe  published  beautiful  maps,  both  of  the  island  of  Sardinia  and  of  the  continental 
territories,  on  the  following  scales,  ,-^j^  ^^  £5^  5—55-  —g;  5^ 

Germany  has  adopted  the  same  method,  although  it  has  not  yet  obtained  the  full 
advantage  of  using  the  metrical  system  for  commerce  and  other  ordinary  transactions. 
The  kingdoms  of  Bar  aria  and  Wurtemburff  and  the  Electorate  of  Hesse  Casscl, 
together  with  some  of  the  neighbouring  duchies,  employ  the  General  Staff  of  each 
country  in  executing  maps  on  the  same  scale,  which  is  that  of  1  to  50,000.  Thus  the 
maps  of  these  several  governments  fit  one  another  like  the  dissected  maps  of  our  English 
counties.    There  is  also  a  Topographical  Atlas  of  Bavaria,  the  scale  of  which  is 

gjo^£,  published  in  1843, 

Spain  and  Portugal  have  decreed  that  the  metrical  system  shall  after  a  few  years 
be  exclusively  employed  for  weights  and  measures  in  those  countries ;  so  that  it  must 
ere  long  be  employed  for  the  government  maps,  if  it  has  not  been  adopted  already. 

It  thus  appears  that  the  whole  of  the  west  of  the  continent  will  shortly  be  described 
and  delineated  in  maps  and  plans  adjusted  to  one  another  and  capable  of  easy  com- 
parison, in  consequence  of  being  all  projected  with  dimensions  decimally  related  to 
the  surface  of  the  land. 

Of  the  scales  employed  in  our  own  Ordnance  Surveys,  1  inch  to  a  mile  and  6  inches 
to  a  mile,  the  former  is  the  63,300th  part  of  the  actual  linear  distance,  the  latter  is 
the  10,560th  part  It  is  very  difficult  and  inconvenient  to  calculate  by  either  of  these 
numbers.  On  the  contrary,  the  decimal  method  will  be  found  easy  in  its  application 
to  this  as  well  as  all  other  purposes.  Either  a  metre,  or  any  other  measure  of  length, 
which  is  decimally  divided,  may  be  applied  to  the  map,  and  will  show  the  real 
distance  from  one  place  to  another  with  the  greatest  facility.  Thus,  if  the  scale  be  1  in 
10,000,  a  decimetre  on  the  map  will  represent  a  kilometre  on  the  surface  of  the 
ground ;  and  if  it  be  £th  less,  or  1  in  50,000,  as  is  the  case  in  many  of  the  maps 
which  have  been  mentioned,  a  kilometre  on  the  surface  of  the  ground  will  correspond 
to  two  centimetres  on  the  map. 

If  the  decimal  scale  has  advantages  as  regards  the  maps  of  the  British  Isles,  con- 
sidered by  themselves,  still  greater  benefit  will  arise  when  they  are  to  be  compared 
with  maps  of  the  neighbouring  territories  on  the  continent  We  have  already 
advanced  so  far  towards  uniformity  as  to  sanction  one  scale  for  all  England  and  an- 
other for  all  Ireland,  and  some  persons  think  it  would  be  well  to  apply  the  same  scale 
to  the  whole  of  the  British  Isles.  But  why  should  not  the  principle  of  uniformity  be 
carried  further  ?  If  the  decimal  scale  has  great  intrinsic  advantages,  it  must  be  an 
additional  reason  for  its  application,  that  it  would  bring  our  maps  into  coincidence 
with  those  of  our  continental  neighbours. 

In  England  the  decimal  principle  has  scarcely  been  applied  at  all  to  the  construc- 
tion of  maps.  There  is,  however,  an  exception  to  the  universality  of  this  remark  in 
the  case  of  Mr.  W.  Hughes,  F.R.G.S.,  whose  '  Geological  Map  of  the  British  Islands' 
is  projected  on  a  decimal  scale,  every  line  and  every  distance  upon  it  being  to  the 
corresponding  distance  in  nature,  as  1  to  2,500,000.  Its  proportions  are  consequently 
^,th  of  the  proportions  adopted  in  the  national  maps  of  Germany  f. 

*  Gran  Carta  degli  Statl  Sardi  in  terra  ferma  divisa  in  fogli  91,  alia  seals  di  -£^>  1852. 

Carta  degli  Stati  di  S.  M.  Sarda  in  terra  ferma,  ridotta  all  ~ ^»  1840. 

Government  Map  of  Piedmont  and  Savoy,  scale  ■   '  ■ ,  1841. 

Carta  dell'  Isola  e  Regno  di  Sardegna,  scale  ^„^  1845. 

Also  small  one  of  the  above,  scale  aoo^OOQ,  1845. 

f  A  Report,  which  was  presented  by  Dr.  Farr  to  the  International  Statistical  Cewgress  at 
Vienna,  in  August  1857,  contains  the  following  information  :— 

"  Conformement  aux  recommandations  da  Congres  de  Bruxelles,  le  Gouvernemtat  de  sa 
Majeste*  Britannique  s*est  determine*  a  (aire  dresser  des  cartes  generates  4  l'&helle  de  1000- 
2500,  et  des  cartes  des  villes  a  1'echelle  de  100-500.  Deja  les  cartes  de  plusieurs  comfies  et 
de  plusieurs  villes  ont  e*te*  dressees  sur  ces  echelles.  Ce  travail  a  6ti  malheurensement 
suspendo.  Les  avantages  qu'offi-irait  une  carte  de  1'Europe  a  une  echelle  uniforme  sont 
evident! :  its  ont  e*te*  demontres  a  la  Chambre  par  le  Vicomte  Palmerston ;  et  nous  croyons 
qu'ils  seront  appredes  par  la  commission  royale  qui  est  chargee  de  I'examen  de  la  question." 
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On  the  Use  of  Prime  Numbers  in  English  Measures,  Weights,  and  Coinage. 
By  James  Yates,  M.An  F.R.S. 

On  examining  the  Tables  of  the  measures,  weights,  and  coins  used  throughout 
England,  it  is  found  that  the  prime  numbers  used  in  tbeir  composition  and  of  the 
most  frequent  occurrence  are  2,  3,  and  5.  Of  these,  2  occurs  as  a  factor  by  far  the 
most  frequently,  indeed  twice  or  thrice  as  often  as  either  3  or  5. 

Seven  makes  its  appearance  in  the  following  weights  and  measures : — 

Avoirdupois  Weight. 

7000  grains es  1  lb. 

14  lbs ,  ss  1  stone. 

28  lbs si  quarter. 

Wool  Weight. 
7  lbs.=l  clove,  whence  14  lbs.=l  stone. 

Wine  Measure. 

42  gallons as  1  tierce. 

63  gallons =  1  hogshead. 

Eleven  is  used  in  one  case  only,  but  that  is  an  important  one,  via. : — 

Long  Measure. 
Y  or  5  J  yards=t  rod  or  pole,  from  which  is  deduced  4  poles,  or  22  yards=?l  chain. 
The  furlong,  the  mile,  and  the  acre  are  also  multiples  of  this  fundamental  number. 
Thirteen  also  comes  in  once  as  a  factor,  viz.  in 

Wool  Weight. 

Y  or  6J  tods =1  wey . 

Wool  weight  is  curiously  compounded.  No  less  than  four  primes,  2,  3, 7, 13,  are 
used  as  factors,  producing  only  six  denominations,  which  are  as  follows : — 

1  clove =7lbs.  avoirdupois. 

1  stone =2  cloves. 

1  tod ss2  stones. 

1  wey bs6|  tods  or  13  stones. 

1  sack =2  weys. 

1  last =12  sacks. 

Only  one  other  prime  number  requires  notice,  and  that  is  found  in  a  very  conspi- 
cuous position,  and  where,  perhaps,  it  was  little  to  be  expected,  viz.  in  a  recent  Act 
of  Parliament.  The  law  now  in  force  and  known  as  the  Weights  and  Measures  Act, 
fixes  the  number  of  grains  in  the  lb.  avoirdupois  by  the  use  of  the  number  7,  and 

foes  on  to  determine  the  relation  of  the  pound  troy  to  the  standard  linear  measure 
y  declaring,  that  a  cubic  inch  of  distilled  water  "  is  equal  to  252  grains  and  458 

thousandth  parts  of  a  grain/'     If  this  number  (~^~)  be  divided  by  2,  it  will  be 

found  that  a  cubic  inch  of  water  weighs  126*229  five  hundredth  parte  of  a  grain,  the 

numerator  of  this  fraction,  '  600  ,  being  a  prime  number. 

As  the  result  of  this  analysis,  it  appears  that  the  primes  used  iu  the  English  mea- 
sures, weights,  and  coins  are  the  following : — 

2,3,5,7,11,  13,  and  126-229. 

I  propose  to  offer  a  few  remarks  respecting  the  aptitude  of  these  numbers  for  the 
functions  which  they  are  appointed  to  perform. 

The  adoption  of  them  does  not  appear  to  have  been  determined,  in  any  case,  so  far 
as  we  can  judge,  by  reason  or  principle,  but  to  have  arisen  from  accidental  and  arbi- 
trary causes.  There  is  no  apparent  benefit  in  connecting  our  highest  coins  by  2  and 
5,  the  intermediate  hv  2  and  3,  and  the  lowest  by  2  only.  No  advantage  arises  from 
measuring  land  by  elevens,  and  weighing  wool  by  sevens  and  thirteen*,  No  reason 
can  be  assigned  why  seven  should  be  brought  into  avoirdupois  weight  and  excluded 
from  troy  weight ;  or  why  3  should  be  excluded  from  avoirdupois  weight,  whilst  it 
ilays  an  important  part  in  troy  weight  and  apothecaries'  weight  In  short,  all  our 
"  ibles  present  the  apnearance  of  an  entire  want  of  principle  iu  their  construction. 

The  introduction  or  an  additional  prime  hat-the  effect  of  making  our  weights  and 
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measure*  move  complex  and  multiform.  It  ought  therefore  to  he  avoided,  unless 
some  necessity  can  be  shown  in  its  favour.  Hence  it  would  seem  to  be  expedient  to 
abolish  from  these  calculations  all  primes  except  2,  3,  and  5 ;  and  here  an  important 
question  arises,  viz.  should  these  be  retained,  or  shall  we  be  satisfied  with  2  and  5, 
omitting  3 1 

We  are  thus  brought  to  one  of  the  great  discussions  of  the  present  day,  the  expe- 
diency of  decimalizing  our  measures,  weights  and  coins. 

The  consequence  of  the  simple  fact,  2x5=10,  is,  that  all  decimal  systems  are  also 
binary  and  quinary,  the  principal  quantities  expressed  by  tens,  hundreds,  thousands, 
&c.  being  divisible  by  2  and  by  5  without  remainder,  so  that  their  doubles  and  their 
halves  can  be  introduced  and  reckoned  without  the  least  difficulty  or  inconvenience. 
But  such  systems  do  not  readily  admit  the  number  3,  because  in  the  majority  of  cases 
the  quantity  cannot  be  divided  by  3  without  a  remainder,  and  in  many  cases  the 
division  by  3  produces  a  repeating  decimal.  This  is  the  ground  on  which  many 
persons  have  insisted  on  12  as  a  multiplier  for  measures,  weights,  and  coins,  rather 
than  10.  But  it  is  to  be  observed,  that  if  10  cannot  be  divided  by  3,  on  the  other 
hand  12  cannot  be  divided  by  5  without  remainder.  Hence  it  seems  to  follow,  that 
the  choice  must  be  made  between  decimal  and  duodecimal  modes  of  computation, 
according  as  a  preference  is  given  to  3  or  to  5  as  a  divisor.  If  it  is  more  necessary 
or  convenient  to  divide  by  3  than  by  5,  duodecimal  methods  are  entitled  to  the  pre- 
ference, so  far  as  this  circumstance  is  concerned.  I  cannot,  however,  discover  any 
reason  for  making  this  assumption.  I  think  it  probable,  that  division  by  5  is  required 
as  frequently  as  by  3,  whilst  every  other  consideration  is  decidedly  in  favour  of  the 
decimal  scale. 

The  investigation  which  we  have  been  pursuing  is,  therefore,  first,  in  favour  of  de- 
cimal measures,  weights,  and  coins ;  and  secondly,  supports  the  views  of  those  who 
think  that  the  subordinate  multiples  and  divisions  should  be  made  by  2  and  5  only, 
and  not  by  3. 

In  this  conclusion  I  have  the  satisfaction  to  observe  that  I  am  countenanced  by 
the  authority  of  the  late  Mr.  Drink  water  Bethune,  one  of  the  Commissioners  appointed 
by  the  present  Lord  Monteagle,  when  Chancellor  of  the  Exchequer,  to  consider  the 
steps  to  be  taken  for  restoring  the  standards  of  weight  and  measure.  In  his  letter  to 
the  Chancellor  of  the  Exchequer,  dated  21st  of  September,  1841,  he  maintains  the 
following  positions  :— 

1st.  That  "  the  Tables  of  Weights  and  Measures  now  in  use  are  complex  and  in- 
convenient, and  that  it  is  very  desirable  to  get  rid  of  inconvenient  multiples  such  as 
the  factor  7,  which  connects  the  pound  avoirdupois  with  the  stone,  and  thereby  with 
its  multiples,  the  hundredweight  and  ton;  and  toe  factor  11,  which  connects  the  yard 
with  the  chain,  and  thereby  with  the  mile  and  acre." 

2nd.  That  "  it  is  desirable,  that  no  numbers,  which  are  not  multiples  either  of  2  or 
of  5,  should  anywhere  appear  in  the  Tables." 


MECHANICAL  SCIENCE. 


Address  by  Lord  Rosse,  the  President  of  the  Section. 

Lord  Rosse  commenced  by  apologizing  for  any  oversight  he  might  commit,  as  he 
had  never  at  any  previous  Meeting  of  the  British  Association  presided  over  the 
Mechanical  Section.  He  was  happy,  however,  that  there  could  be  no  danger  of  serious 
errors  on  bis  part,  as  there  were  able  men  on  both  sides  of  him  who  had  made  Civil 
Engineering  their  special  study.  He  proceeded  to  say  that  the  question  had  some- 
times been  asked  why  a  Mechanical  Section  was  necessary ;  might  not  all  mechanical 
questions  be  conveniently  discussed  in  the  Mathematical  and  Physical  Section?  To 
that  question,  on  some  occasions,  au  answer  has  been  returned.  It  may  at  once  her 
said,  that  it  has  been  found  eminently  useful  to  have  separate  Sections  for  each  di- 
stinct department.  It  is  only  under  such  an  arrangement  that  discussion  can  be  really 
effective  in  bringing  out  new  truths.  If  a  considerable  portion  of  the  Section  is  not 
intimately  acquainted  with  the  subject  in  all  its  details,  what  prospect  can  there  be  of 
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new  and  sound  views  being  elicited;  and  indeed  if  the  whole  Section  has  not  \ 
general  knowledge  of  the  branch  of  science  which  has  been  committed  to  its  care, 
what  hone  can  there  be  that  discussions  will  be  heard  with  interest,  and  wOl  hare 
real  efficiency  in  awakening  and  strengthening  a  taste  for  science?  This  has  been 
felt,  indeed  strongly  felt,  at  the  Royal  Society,  where  there  are  no  Sections,  and  the 
subjects  are  of  a  very  varied  nature,  comprehending  the  whole  range  of  the  Mathe- 
matical and  Physical  Sciences,  and  all  the  Natural  Sciences.  A  paper  perhaps  is  read 
on  Pure  Mathematics  :  very  possibly  there  may  not  be  in  the  room  at  the  time  more 
than  two  or  three  persons  who  are  intimately  acquainted  with  that  branch  of  science : 
a  discussion  of  course  is  out  of  the  question.  A  paper  follows  on  one  of  the  Natural 
Sciences :  if  there  are  a  few  who  are  working  in  that  direction  a  discussion  takes 
place ;  but  it  is  of  little  interest  even  to  those  engaged  in  other  branches  of  Natural 
Science ;  and  almost,  if  not  altogether  without  interest  to  the  Mathematician,  the 
Chemist,  the  Astronomer,  the  Geologist,  and  the  Physicist  So  it  rarely  happens 
that  there  is  a  discussion  at  the  Meetings  of  the  Royal  Society,  of  genera]  interest  or 
of  real  value ;  and  for  that  there  is  no  remedy.  Here,  by  the  happy  expedient  of 
breaking  up  the  Association  into  separate  Sections,  the  way  has  been  prepared  for  dis- 
cussing subjects  in  that  effective  manner  which,  originating  with  the  Geological 
Society,  has  already  so  much  advanced  geological  science. 

Where  one  of  the  great  objects  of  these  meetings  is  to  elicit  truth  by  discussion,  it 
is  evident  how  unwise  it  would  be  to  group  together  in  one  Section  a  variety  of  sub- 
jects, each  requiring  special  studies,  a  special  line  of  thinking,  and  special  experiences. 
In  Section  A,  human  ingenuity  and  human  knowledge  are  employed  in  the  solution 
of  mathematical  and  physical  problems ;  while  in  Section  G,  human  ingenuity  and 
human  kuowledge,  but  of  a  different  kind,  are  employed  in  the  solution  of  questions 
of  practical  engineering.  This  may  so  far  perhaps  be  considered,  in  one  sense  at 
least,  a  sufficient  answer  to  the  question,  why  is  a  Mechanical  Section  necessary ! 
The  question,  however,  may  be  put  in  another  sense.  Where  the  investigations  are 
not  abstract,  but  practical,  and  where  the  results  generally  are  of  immediate  interest, 
is  it  necessary  that  the  British  Association  should  interfere  at  al)  ?  Will  not  private 
individuals,  from  motives  of  self-interest,  devote  themselves  to  the  pursuit  of  Civil 
Engineering  in  its  higher  branches,  without  any  adventitious  stimulus  ?  Will  not 
public  men,  seeing  that  the  interests  of  the  State,  both  in  peace  and  war,  are  bound 
up  with  the  full  development  of  the  resources  of  engineering,  make  it  their  business 
to  acquire  such  a  general  knowledge  of  the  subject  as  will  enable  them  to  ascertain 
when  and  where  to  apply  for  aid  in  time  of  difficulty  ?  The  reverse  unfortunately  is 
the  case ;  experience  nas  shown  that  men,  whether  in  their  private  or  public  capacity, 
do  not  act  in  these  matters  exactly  as  we  should  expect ;  they  do  require  both  to  be 
aided  and  urged  forward. 

In  this  eminently  practical  country,  private  individuals,  very  often  relying  on  ex- 
perience, neglect  the  means  necessary  to  render  calculation  effective.  Experience, 
however,  is  not  always  at  hand,  and  is  often  very  costly.  How  often  do  we  see  the 
ingenious  mechanic  working  on  false  principles,  vainly  perhaps  attempting  to  accom- 
plish something  which  a  little  elementary  knowledge  would  have  shown  to  be  impos- 
sible I  There  are  perhaps  few  gentlemen  present  who  could  not  point  out  instances 
where  individuals  nad  sustained  heavy  losses  from  the  want  of  adequate  theoretical 
knowledge.  In  his  limited  experience  he  had  known  several.  This  perhaps  is  a 
striking  one.  Some  years  ago  ne  was  invited  by  a  physician  of  eminence  in  London 
to  visit  the  works  of  an  ingenious  mechanic,  who  was  endeavouring  to  employ  air 
heated  bv  gas  as  a  prime  mover.  The  physician  had  embarked  £12,000  in  the  pro- 
ject; a  lady  of  wealth  had  speculated  in  it  to  the  extent  of  £30,000;  and  various 
individuals  had  advanced  sums  altogether  to  a  large  amount.  At  the  entrance  of  the 
premises  there  was  the  wreck  of  a  gigantic  machine  of  unknown  construction  :  other 
machines  in  a  dilapidated  state  were  lying  about  in  all  directions.  It  appeared  from 
the  explanation  of  the  mechanic,  that  these  huge  masses  of  ruined  machinery  had 
been  constructed  partly  for  the  purpose  of  ascertaining  facts  to  be  found  in  every  ele- 
mentary treatise,  and  partly  for  the  accomplishment  of  objects  manifestly  impossible. 
In  the  construction  of  the  engine  itself  there  was  a  striking  display  of  great  ingenuity 
constantly  engaged  in  a  struggle  with  the  laws  of  nature.  It  was  perfectly  evident 
that  the  whole  was  fated  to  end  in  disappointment ;  still  the  mechanic  and  his  nations, 
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1  hy  repeated  fiurares,  and  heedless  of  warnings,  which,  where  there  was 
no  science,  were  without  force,  struggled  on  tjll  the  project  came  to  an  end  from 
exhaustion.  Some  of  the  parties  were  ruined,  while  all  lost  the  capital  they  had 
embarked  in  the  speculation. 

One  of  the  objects  of  the  Mechanical  Section  is  to  prevent  such  disasters,  and  no 
doubt  to  a  certain  extent  this  has  been  effected.  Another  object  has  been  effected 
also :  the  importance  of  engineering  science  in  the  service  of  the  State  has  been  brought 
>  prominently  forward.  There  seems,  however,  something  still  wanting.    Science 


m*v  yet  do  more  for  the  navy  and  army,  if  more  called  upon. 

A  few  years  ago,  in  sailing  through  the  harbour  of  Portsmouth,  as  the  boat  pro- 
ceeded aloug,  the  sailors  gave  a  little  history  of  each  ship  laid  up  there ;  they  said, 
That  ship  has  been  but  once  at  sea,  and  it  rolled  so  it  was  almost  impossible  to  keep 
masts  in  her ;  she  Is  not  likely  to  go  to  sea  again.  There  is  another  ship  which  sails 
so  badly  that  she  can  neither  chase  nor  run  away.  There  is  a  ship  which  can  scarcely 
beat  to  windward,  and  if  it  was  blowing  hard  upon  a  lee-shore,  she  would  have  but  little 
chance.  Other  ships  had  other  defects.  Strange  uncertainty :  who  could  avoid  asking 
the  question,  is  naval  architecture  really  guided  by  science  ?  About  that  time  a  little 
book  came  out  which  solved  the  mystery.  It  is  called  '  Lectures  on  the  results  of 
the  Great  Exhibition. : '  the  lectures  are  by  first-rate  men.  In  it  there  is  a  lecture  by 
Captain  Washington,  "  On  the  Progress  of  Naval  Architecture,"  an  officer  of  high 


scientific  attainments,  now  Hydrographer  to  the  Admiralty.  After  mentioning  the 
well-known  historic  fact,  that  during  the  late  great  war  our  best  ships  were  copies, 
and  not  always  very  successful  ones,  of  foreign  models,  he  proceeds  to  say,  that  all 
who  served  m  the  blockading  fleets  were  painfully  alive  to  the  fact  that  our  ships 
were  inferior  to  those  of  France  and  Spain  in  speed,  stability,  and  readiness  in  man- 
oeuvring. That  much  loss  of  life  mignt  have  been  spared  if  our  ships  had  been  in 
form  more  on  a  par  with  those  of  our  opponents.  He  attributes  their  inferiority  to 
the  fact,  that  while  in  France  and  Spain,  and  other  continental  countries,  the  aid  of 
science  had  been  called  \nt  and  the  greatest  northern  nations  had  turned  their  atten- 
tion to  ship-building,  the  only  English  treatise  at  all  of  a  scientific  character  was 
published  by  Mungo  Murray,  who  died  a  working  shipwright.  That  England  has  not 
to  this  day  one  original  scientific  treatise  on  Naval  Architecture.  He  further  states^ 
that  of  the  forty* two  men  who  were  educated  in  the  School  of  Naval  Architecture 
which  had  been  established  in  1811,  and  after  a  few  years  suppressed,  but  five  had 
to  this  day  risen  to  stations  of  responsibility,  and  that  the  sight  might  have  been  seen 
of  men  familiar  with  the  differential  calculus,  chipping  timber  in  the  dockyards  in 
company  with  common  mechanics.  Cruze,  in  his  article  on  Naval  Architecture  in 
the  '  Encyclopasdia  Bri tannics,'  makes  similar  statements. 

It  has  been  objected,  however,  that  the  powers  of  engineering  science  have  been 
overrated  ;  that  they  had  been  brought  to  the  test  during  the  late  war  and  had  but 
little  strengthened  our  hands.  People  seemed  to  think  that  scientific  invention  should 
have  carried  all  before  it.  Inventions,  however,  do  not  come  forth  at  our  bidding ; 
and  are  we  sure  there  has  been  much  to  attract  highly  cultivated  inventive  powers  to 
the  science  of  war?  Have  we  never  heard  a  whisper  of  official  prejudices  and  official 
discouragement  ?  Moreover,  if  you  invent,  the  invention  soon  tails  into  the  hands  of 
a  vigilant  enemy  and  you  have  achieved  nothing. 

It  was  not  by  little  inventions  that  the  engineering  powers  of  England  could  have 
been  brought  to  bear  effectually  in  the  late  war.  If,  when  war  was  imminent,  civil 
engineers  had  been  consulted  in  conjunction  with  military  engineers  and  naval  men, 
means  perhaps  would  have  been  found  by  which  the  gigantic  engineering  resources 
of  this  country  would  have  been  rendered  available.  It  was  going  a  little  too  far  when 
it  was  said  that  Cronstadt  could  have  been  taken  by  contract.  Of  this,  however,  there 
could  have  been  no  doubt,  that  a  certain  thickness  of  wrought  iron  would  have  resisted 
the  heaviest  ordnance  then  in  use;  that  the  sea  could  have  carried  the  weight;  and 
that  no  stone  walls  could  have  long  resisted  the  close  fire  of  large  guns.  Moreover, 
there  were  actually  French  experiments  made  a  few  years  before,  which,  in  the  absence 
of  new  experiments,  would  have  afforded  tolerably  accurate  data  for  the  necessary 
calculations. 

Let  it  not  be  said  that  engineering  science  was  almott  powerless  in  the  late  war, 
till  it  can  be  shown  that  it  had  a  fair  trial,— that  its  aid  had  been  called  for  at  a  proper 
time  and  in  a  proper  manner. 

1857.  12 
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It  is  scarcely  necessary  farther  to  insist  upon  the  importance  of  the  Mechanical 
Section.  It  is  obviously  the  interest  of  public  men,  no  less  than  of  private  individuals, 
to  pay  increased  attention  to  Mechanical  Science.  If  this  Section  can  contribute  ever 
so  little  to  bring  out  new  facts,  or  to  direct  attention  to  facte  already  known,  it  will 
have  rendered  good  service. 

A  detailed  Model  of  the  Boyne  Viaduct  which  carries  the  Belfast  Junction 
Railway  over  the  River  Boyne  at  Drogheda,  with  a  description,  of  it,  and 
the  Principles  of  its  Construction.    By  Jambs  Barton,  C.E. 

The  dimensions  of  this  work  are, — height  above  high  water,  90  feet  to  soffit  of  bridge; 
open  of  centre  span,  264  feet;  of  side  spans,  140;  besides  fifteen  stone  arches  of  61  feet 
span  each.  The  three  centre  spans  are  crossed  by  wrought-iron  lattice  beams  designed 
by  the  author ;  and  the  chief  feature  of  interest  connected  with  this  work  is  the  mode 
in  which  the  results  of  careful  investigation  of  the  strains  on  every  bar  and  plate  have 
been  practically  applied.  Having  ascertained  the  maxima  strains,  whether  tensile  or 
compressive,  that  each  bar  could  be  subjected  to  by  the  weight  of  the  structure,  com- 
bined with  the  passing  load  entire  or  in  part,  the  areas  of  iron  and  the  form  of  the 
parts  were  then  designed  and  made  proportionate  to  their  maxima  strains;  the  limit 
assumed  being  that  no  part  should  ever  be  subjected  to  more  than  4  tons  per  inch  of 
iron  of  compressive,  and  5  tons  per  inch  of  tensile  strain,  and  that  the  parts  under 
compressive  strain  should  be  so  arranged  and  braced  that  they  should  not  yield  by 
flexure. 

The  three  spans  are  crossed  by  a  continuous  beam ;  and  the  author  explained  how 
this  arrangement,  whilst  it  was  economical  and  decreased  deflection,  involved  much 
more  complicated  calculation.  He  showed  when  the  points  near  the  top  and  bottom 
of  the  beams,  called  the  points  of  inflection,  were  under  different  states  of  the  load,  and 
how  these  points  travelled  along  as  the  load  passed  over,  these  points  being  points  at 
which  there  is  no  strain  of  either  tension  or  compression,  the  top  and  bottom  on 
either  side  of  these  points  being  under  opposite  kinds  of  strain. 

The  iron  used  for  this  structure  was  much  less  than  ever  the  same  spans  had  been 
crossed  with  before  by  any  Girder  Bridge,  and  was  at  the  same  time  as  strong  as  any. 
The  total  iron  used  was  740  tons,  and  the  cost  complete  was  about  £24  10*.  per  ton 
as  it  stands,  exclusive  of  scaffolding  below  the  ironwork.  The  iron  was  from  Staf- 
fordshire; that  subject  to  a  tensile  strain,  of  the  quality  known  as  "bett  best;1'  that 
only  subject  to  compression,  of  the  quality  termed  "best  iron."  The  correctness  of 
the  calculations,  had  been  proved  in  some  remarkable  ways :  the  points  where  theo- 
retically there  should  be  no  strain  in  the  top  under  a  uniform  load  having  been  deter- 
mined for  the  large  span  of  264  feet,  the  author,  after  the  bridge  was  relieved  of  its 
supports,  severed  the  top  of  the  main  beam  in  these  places,  and  the  strict  mainte- 
nance of  equilibrium  in  the  structure  proved  that  no  strain  was  then  passing  through 
the  open  joints  of  the  ironwork.  Again,  it  was  calculated  that  when  a  load  of  2  tons 
per  foot  forward  would  be  put  upon  the  centre  span,  in  addition  to  its  own  weight, 
the  points  of  inflection  of  the  side  spans  would  pass  the  ends  of  the  beams,  the  result 
of  which  would  be  that  the  side  spans  ought  not  to  rest  any  longer  on  the  abutments 
of  masonry,  but  stand  out  as  overhanging  beams  from  the  piers  between  them  and  the 
centre  span.  This  actually  took  place ;  and  when  the  centre  span  was  thus  loaded, 
the  ends  of  the  side  spans  were  found  to  have  lifted  1  inch  off  their  bed  plates  and 
rollers ;  nor  did  they  descend  until  a  locomotive  from  the  centre  span  travelling  along 
the  side  span  from  the  centre  came  within  about  40  feet  of  the  end.  The  bridge  had 
been  tested  with  1100  tons  and  in  a  variety  of  ways,  and  the  results  were  most  satis- 
factory. 


On  Coal-burning  Engines.    By  J.  S.  Beattie. 


On  Electro- Magnetic  Engines.    By  3.  S.  Bjsattik. 
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On  Improvements  in  Ordnance.    By  Captain  Blakkley,  R.A. 

A  16-inch  shot  would  present  but  16  times  the  surface  to  the  actiou  of  the  air  (to 
retard  ft,  or  make  its  flight  inaccurate)  as  a  4-inch  shot,  and  would  weigh  64  times  as 
much ;  it  would  therefore  be  retarded  and  blown  out  of  its  course  but  H,  or  ^  as  much. 

A  gun  four  times  as  accurate  as  a  9~pounder,  and  with  the  immense  range  due  to 
the  less  resistance  of  the  air,  would  be  a  powerful  weapon  on  board  fast  steamers.  A 
few  30-inch  shell  guns  would  be  useful  in  war,  and  really  conducive  to  peace  if  placed 
on  the  banks  of  the  Thames,  the  Clyde  or  the  Mersey.  If  any  foreign  power  quarrels 
with  us  and  suddenly  appears  with  thirty  or  forty  gun-boats  armed  with  one  monster 
gun  each,  he  could  destroy  Portsmouth.  None  who  know  Mr.  Armstrong's  applica- 
tion of  hydraulic  power  will  doubt  its  adaptability  to  move  guns  of  any  size,  and 
with  little  human  labour.  Large  guns  require  more  strength  than  small  ones,  as  the 
powder  occupying  in  each  the  same  proportional  space,  the  small  shot  moves  in  say 
y^j  of  a  second  a  certain  number  of  inches,  the  large  shot  in  the  same  time  moving 
fewer  inches,  so  that  at  the  end  of  that  time  the  gas  in  the  small  gun  would  have 
much  more  proportionate  room  to  expand  in,  and  would  therefore  press  less  on  the 
gun  than  in  the  large  one.   Added  to  this,  the  large  shot  would  require  more  time  to 

Set  its  velocity,  and  the  pressure  must  remain  on  the  gun  so  much  longer.  May  not 
le  time  a  material  can  bear  a  tension  be  an  element  worthy  of  experiment ;  and  may 
not  cast  iron  bear  a  pressure  during  ,£5-  of  a  second,  which  if  continued  during  half  a 
second  would  destroy  it?  1  believe  the  sudden  and  short  strain  caused  by  the  explo- 
sion of  gunpowder  to  be  less,  not  more  injurious,  as  is  generally  thought,  than  an 
equal  strain  applied  gradually  but  left  longer.  However,  a  32-pounder  is  the  limit  of 
cast-iron  guns  of  (he  present  shape,  any  larger  than  that  being  unsafe  with  full  charges. 
Adding  thickness  to  the  metal  would  give  little  additional  strength.  Professor  Bar- 
low calculates  that  a  cylinder  one  inch  thick,  and  one  inch  in  internal  diameter  when 
strained,  stretches  only  I  as  much  in  proportion  outside  as  inside,  the  cross  section 
remaining  equal,  so  that  the  interior  diameter  being  stretched  to  1  x^,  the  exterior, 
instead  of  becoming  3 X rainy  (as  it  would  if  the  outside  layer  "put  out"  an  equal 
strength  to  the  inner,  according  to  the  law  "  ut  tensio  sic  vis"),  becomes  only  3+£ 
«f  tbW  w  3+,^.  The  cross  section  being  (3 +3tAto)2= 9+*A*  minus  (1+T^)» 
=  l+i^;  the  difference,  8  round  inches,  being  the  same  as  when  not  strained,  or 
(3a— la). 

If  with  the  present  thickness  the  outside  does  but  i  it*  duty,  ice  can  expect  but  little 
additional  strength  from  adding  to  it  j  Professor  Barlow  arguing  that  the  strength 
decreases  as  the  squares  of  the  distances  from  the  centre.  The  same  law  puts  a  limit 
to  the  size  of  brass  or  cast  steel  guns,  or  of  wrought  iron  if  in  one  welded  mass. 

I  would  suggest  for  guns  up  to  10  inches  a  shape  very  like  the  present,  but  the 
outside  at  the  oreech  strengthened  with  two  layers  of  thin  wrought-iron  cylinders  put 
on  very  hot,  and  hammered  so  that  the  outside  shall  be  fully  strained  when  the  gun 
is  fixed.  One  I  made  so  stood  605  rounds,  all  with  double  charge,  and  the  last  158 
rounds  loaded  to  the  muzzle.  This  is  evidently  greater  strength  than  is  required  for 
anything  under  10- inch  guns.  Above  that,  I  think,  with  a  cast-iron  cylindrical  centre, 
that  either  rod-iron  wound  round  at  a  great  heat  and  welded,  layer  over  layer,  but 
each  in  cooling  taking  a  permanent  strain,  or  else  iron  wire  wound  round  it,  each 
layer  having  a  greater  initial  strain  than  the  one  under  it,  would  be  the  best  way :  we 
thus  get  all  the  fibre  in  one  direction. 

Mr.  Armstrong  of  Newcastle  made  a  gun  of  a  solid  steel  centre,  with  bar  iron 
coiled  round  it  and  welded.  This  gun  has  stood  some  thousands  of  rounds.  I  dis- 
covered early  in  1855  that  Mr.  J.  Longridge,  C.E.,  agreed  very  nearly  with  me  in 
opinion,  having  arrived  quite  independently  at  his  conclusions,  and  since  then  we 
have  been  working  together.  I  exhibit  some  brass  cylinders  strengthened  with  wire, 
which  he  experimented  on  ;  the  strain  cannot  have  been  under  56  tons  per  inch  on 
some  of  these,  reckoning  brass  and  wire,  or  at  least  70  tons  an  inch  on  the  wire,  as 
there  the  strength  lay.  This  would  make  very  serviceable  field  howitzers;  such 
howitzers  need  not  weigh  over  8  cwt. 

If  we  do  not  possess  the  most  efficacious  weapons  possible,  we  shall  find  ourselves 
overpowered  some  day.  Any  foreign  power  could  secretly  prepare  a  flotilla  of  gun- 
boats, and  manufacture  the  large  guns  to  destroy  our  fleets  and  seaports  immediately 
after  a  declaration  of  war,  ___ 

12* 


180  RflPORT — 1857- 

On  the  Working  and  Ventilation  of  Coal * 
By  John  Brakenridgr. 

It  was  recommended,  that  instead  of  commencing  to  get  coal  when  the  straight- 
works  and  hoard-gates  were  only  partially  completed,  coal-owners  should  drive  the 
hoard-gates  to  a  cross  heading  at,  or  nearly  at,  the  extent  to  which  it  might  he  pro- 
posed to  work  and  draw  the  coal  hy  the  same  engines  and  pits,  and  that  the  upcast 
pit  should  he  sunk,  and  the  furnaces  for  creating  a  draft  placed  at  the  highest  point 
in  the  bed  of  coal.  Then  that  from  this  cross  heading  the  coal  should  he  got  in  the 
opposite  direction,  i.  e.  toward  the  downcast  pit,  instead  of  from  it  as  at  present, 
and  thus  the  danger  would  be  greatly  abated. 

By  such  mode  of  working,  the  ventilation  would  be  more  natural ;  a  considerable 
portion  of  the  gases  would  be  liberated  and  discharged  from  the  coal  before  the  wide 
works  in  the  banks  were  begun,  and  the  current  of  the  gases  aa  they  exude  from 
the  coal  or  the  roof  would  be  upwards  from  the  men  and  towards  the  upcast  pit,  by 
which  they  would  make  their  escape ;  the  whole  miue  would  then  be  less  liable  to  be* 
come  inflammable  and  explode. 

All  the  precautions  practised  in  the  present  mode  of  working  would  be  necessary 
in  this,  but  in  a  less  degree,  and  the  safety  of  the  -mine  would  depend  less  upon 
them ;  and  should  an  explosion  unfortunately  happen,  it  would  be  behind  the  men, 
and  the  force  of  it  would  be  towards  the  upcast  pit,  giving  the  men  the  almost  cer- 
tainty of  escape  towards  the  drawing  pit,  through  the  passages  in  the  solid  coal  The 
sacrifice  of  human  lives,  as  well  as  much  of  the  damage  to  the  mine,  would  therefore 
be  in  a  great  measure  averted. 

A  Plan  for  Diminishing  the  Strain  on  the  Atlantic  Cable  by  an  Elastic 
Regulator.    By  C  Brooke,  JKf~4.,  F.R.S. 

The  proposed  plan  consists  in  suspending  a  block  with  one  sheave  of  the  same  sire 
as  the  paying  wheels  by  a  bundle  of  parallel  cords  of  vulcanised  india-rubber  from  a 
boom  rigged  to  the  mast.  This  elastic  bundle  should  be  of  sufficient  length  and 
thickness  to  elongate  10  or  12  feet,  by  an  increase  of  strain  from  perhaps  four  to  six 
tons ;  and  should  be  placed  vertically  over  one  of  the  pairs  of  paying  wheels,  and  the 
cable  move  through  it  between  the  wheels.  As  the  cable  is  double,  the  bundle  will 
be  required  to  bear  twice  the  strain  of  the  cable.  By  this  arrangement,  from  20  to 
24  feet  of  cable  would  be  given  out  by  an  increase  of  tension  of  from  two  to  three 
tons,  and  taken  up  again  as  soon  as  the  tension  is  diminished. 

On  Improvements  in  Iron  and  Steel,  and  their  Application  to  Railway  and 
other  purposes.    By  J.  W.  Dodds. 

On  Macadamized  Roads.  By  G.  H.  Frith,  CJSn  County  Surveyor. 
The  author  presented  a  compendious  review  of  road-making,  especially  in  Ireland. 
He  points  out  evils  in  the  prevalent  systems  of  road-making ;  treats  of  the  proper 
magnitude  of  the  stones  required  for  mending,  the  influence  of  weather  on  the  pro- 
cess, the  obstacles  of  various  kinds  to  good  road-making,  and  gives  a  specification  for 
keeping  in  repair  a  certain  portion  of  road  near  Dublin,  by  which  a  large  annual 
saving  was  effected.   Reference  is  made  to  continental  as  well  as  English  authorities. 

On  the  Effect  of  the  Resistance  of  Water  to  an  Extended  Cable. 
By  A.  S.  Hart. 

On  Controlling  the  Movements  of  ordinary  Clocks  by  Galvanic  Currents. 
By  John  Hartnup,  F.R.A.S. 

Since  the  application  of  electricity  to  the  purposes  of  the  telegraph,  various  methods 
have  been  had  recourse  to  for  working  clocks  at  distant  stations  by  a  normal  clock  at 
an  observatory ;  or  by  causing  one  clock  in  a  large  establishment  to  work  several 
sympathetic  clocks  in  different  parts  of  the  building.  The  advantage  of  being  able 
to  make  several  clocks  show  the  same  time  as  a  normal  clock  regulated  by  astrono- 
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mical  observations,  or  by  the  transmission  of  time  signals  from  an  observatory,  must 
be  admitted  to  be  great ;  but  thoae  who  have  had  much  practical  experience  in  the 
matter  are  aware  of  the  serious  drawback,  which  in  spite  of  every  precaution  will 
occasionally  arise,  from  failure  in  thegalvanic  current,  and  which  necessarily  causes 
all  the  sympathetic  clocks  to  stop.  The  members  of  the  British  Association  for  the 
Advancement  of  Science  will  be  gratified  to  hear  of  an  invention,  which  sacrifices 
nothing  in  point  of  accuracy,  and  which  is  nevertheless  perfectly  exempt  from  the 
objection  to  which  we  have  alluded. 

For  the  discovery  of  this  simple  and  very  beautiful  method  we  are  indebted  to  Mr. 
R.  L.  Jones  of  Chester,  and  the  first  application  of  it  to  a  large  public  clock  was  to 
that  of  the  Liverpool  Town  Hall.  This  clock  being  appealed  to  by  the  merchants  on 
Change  as  the  standard  of  time,  had  subjected  them  to  great  inconvenience  by  its 
irregular  performance,  and  at  my  recommendation  the  plan  of  Mr.  Jones  has  been 
adopted  with  perfect  success.  The  clock  in  its  present  state,  with  the  improvements 
which  have  been  made,  differs  in  no  respect  from  an  ordinary  old  turret  clock,  except 
that  the  pendulum-bob  is  a  hollow  electro-magnetic  coil  which  passes  around  perma- 
nent magnets  at  each  oscillation.  At  each  transmission  of  a  current  from  our  normal 
clock  at  the  observatory  the  coil  itself  becomes  a  magnet,  and  the  attraction  or  re- 
pulsion between  it  and  the  permanent  magnet  prevents  the  pendulum  from  oscillating 
except  in  *trict  conformity  with  the  pendulum  at  the  observatory.  The  wire  which  con- 
nects the  Town  Hall  clock  with  the  clock  at  the  observatory  is  about  one  mile  in  length, 
and  the  controlling  power  is  so  great  that  a  single  cell  of  a  Smee's  battery  charged  with 
very  weak  acid  is  sufficient  to  control  the  movements  of  the  Town  Hall  clock,  even 
when  the  pendulum  is  lengthened  or  shortened  so  as  to  make  it  lose  or  gain  several 
minutes  a  day  when  not  under  the  control  of  the  clock  at  the  observatory.  In  prac- 
tice, however,  the  pendulum  is  regulated  to  correct  time  as  near  as  possible,  so  that 
in  the  event  of  the  current  failing,  the  clock  will  not  only  continue  to  go,  but  it  is 
liable  to  the  errors  only  of  an  ordinary  clock,  and  as  an  error  so  small  even  as  a 
fraction  of  a  second  is  sufficient  to  show  that  the  current  is  not  controlling  or  acting, 
the  fault  may  be  detected  and  the  remedy  applied  before  the  public  are  subjected  to 
any  inconvenience. 

By  this  method,  therefore,  it  is  quite  practicable  to  make  all  the  public  clocks  in  a 
town,  or  any  number  of  clocks  in  a  large  building,  strike,  or  keep  the  same  time  to  a 
fraction  of  a  second,  without  the  risk  of  inconvenience  by  failure  of  the  electric  cur- 
rent, since  til  the  clocks  would  so  as  ordinary  clocks  should  the  current  fail.  This 
method  of  controlling  the  pendulum  of  a  large  public  clock  has  been  in  operation  at 
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there  is  a'sympathetic  seconds  clock,  the  face  of  which  is  exhibited  to  the  public. 
'J 'his  clock  is  worked  by  our  normal  clock  at  the  observatory,  and  as  the  seconds 
hand,  at  the  end  of  each  hour,  falls  upon  the  sixtieth  second:,  the  first  blow  of  the 
hammer  of  the  Town  Hall  clock  breaks  upon  the  ear,  much  to  the  admiration  and 
astonishment  of  a  large  number  of  persons  who  congregate  daily  to  witness  this  novel 
performance. 

The  normal  clock  at  the  observatory  is  an  ordinary  astronomical  clock,  the  con- 
tact springs  of  which  are  so  slight  as  not  to  interfere  seraibly  with  its  performance. 
It  will  therefore  be  seen,  that  by  placing  a  good  astronf  deal  clock  in  any  building, 
a  turret  or  any  number  of  clocks  may  be  connected  antf  their  movements  controlled 
by  it,  and  a  degree  of  accuracy  secured  which  has  hitherto  not  beeu  attained. 


On  the  Mode  of  rendering  Peat  economicaUy  available  as  a  Fuel,  and  as  a 
Source  of  Illuminating  Gas.    By  J.  J.  Hayes. 

On  the  Use  of  Percussion  Lights  for  preventing  Collisions  at  Sea  and  on 
Railways,    By  Captain  Leach,  R.E. 

The  author  introduced  the  subject  by  adverting  to  the  fearful  loss  of  life  and  pro- 
perty which  annually  occurs  from  collisions  at  sea ;  and  to  the  well-known  fact  that 
these  collisions  generally  arise  from  the  want  of  a  proper  look-out  on  board  one  or 
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other  of  the  vessels ;  and  alluded  also  to  several  recent  cases  of  collision,  in  which  it 
was  subsequently  shown  that  one  of  the  vessels  had  seen  the  other  in  sufficient  time, 
and  at  a  sufficient  distance,  to  have  averted  the  calamity  had  the  means  been  at  hand 
of  instantly  giving  warning  of  the  danger  in  such  a  manner  as  to  have  attracted  the 
attention  of  the  people  on  hoard  the  approaching  ship. 

Captain  Leach  suggested  that  for  this  purpose  every  sea-going  vessel  should  be 
compelled  to  carry  brilliant  percussion  lights,  to  be  used  as  "  danger  signals,"  which 
would  ignite  on  being  struck  against  any  hard  substance ;  and  that  the  officer  of  the 
watch,  or  other  person  in  charge  of  a  ship,  should  be  held  criminally  responsible  that 
these  signals  were  ready  for  instant  use  in  lockers  placed  on  deck  in  suitable  situations. 

He  pointed  out,  that,  besides  indicating  danger,  these  lights,  by  the  use  of  four  dif- 
ferent colours,  might  be  made  to  show  whether  a  vessel  was  at  anchor  or  in  motion, 
and  her  course  upon  any  one  of  the  eight  principal  points  of  the  compass;  or,  if  a 
more  simple  code  of  signals  was  considered  desirable,  that  two  coloured  lights,  and  s 
white  light,  used  singly,  would  be  sufficient  to  make  known  the  tack  on  which  a  ship  was 
steering,  or  whether  she  was  stationary ;  and  observed  that  such  lights,  which  would 
not  be  costly,  and  would  be  always  at  hand  in  case  of  danger,  might  be  made  suf- 
ficiently brilliant,  and  of  such  an  illuminating  power  as  could  not  fail  to  attract  the 
attention  of  the  helmsman,  even  supposing  the  look-out  to  be  asleep  or  otherwise 
neglecting  his  duty. 

It  was  not  proposed  to  interfere  with  the  existing  lights  carried  by  sea-going  ves- 
sels, but  to  use  the  percussion  lights  as  "  danger  signals"  only. 

Captain  Leach  also  recommended  the  use  of  percussion  lights  by  railway  companies, 
and  drew  attention  to  several  cases  of  collisions  on  railways  which  could  not  have 
occurred  had  the  guards  of  the  disabled  trains  possessed  such  a  means,  in  addition  to 
their  ordinary  signal  lamps,  of  making  the  drivers  of  the  following  trains  aware  of  their 
danger. 

Early  Methods  of  Propelling  Ships.    By  John  Macgregor,  MJL 

Almost  every  method  of  marine  propulsion  has  its  type  in  means  employed  by  sea* 
water  animals,  and  among  these  may  be  specially  noticed  : — 

1st.  Arms,  legs,  fins,  tails,  paddles,  membranes  or  cilia,  with  a  reciprocating 
motion  feathered  in  the  water,  as  by  water-beetles,  amphibious  animals  and  fish. 

2nd.  Water  forced  through  tubes,  as  by  the  cuttlefish  and  paper  nautilus. 

3rd.  Creeping  motion  by  whelks.  "Soopiug"  motion  by  the  Pedipes.  Creeping 
and  swimming  combined  by  the  Leptdosiren. 

4th.  Screw  propeller  motion,  by  the  Paramecin  vulgaris  (in  which  an  undulation 
or  protuberance  moves  round  its  oval-shaped  body  spirally*). 

5th.  [Propulsion  by  sails  f,  as  by  the  "  Portuguese  man-of-war"  and  aquatic  birds.] 

Marine  propulsion  methods  may  be  classified  according  to 

The  power  used  and  machinery  employed. 

I.  Muscular  power,  (A.)  of  men,  (B.)  of  animals. 
II.  Expulsion  of  gas  or  water  against  air  or  water. 

III.  Springs,  weights,  gunpowder,  capillary  attraction,  wind  and  other  motions. 

IV.  Endless  chains  and  revolving  wheels. 
V.  Submerged  propellers. 

(a.)  Feathering  oars,  collapsing  vanes  and  sculling  oars. 
(b.)  Feathering  paddle-wheels'  and  screws. 
VI.  Submarine  vessels. 
VII.  Steering  apparatus  and  directors. 
(A.)  Propulsion  by  muscular  power  of  men* 
The  methods  arranged  progressively. 
(1.)  Swimming  without  artificial  aid. 

(2.)  Webbed  fins  or  hooks  on  the  limbs,  as  proposed  by  Borelli  (a.d.  1 683),  to 
enable  the  diver  "  to  swim  like  a  frog  or  creep  like  a  crab  J. 

*  A  half- turn  screw-like  movement  in  the  gause  wings  of  an  Australian  fly  was  depicted 
in  the  'Illustrated  London  News,'  August  15,  1857. 
f  This  paper  does  not  include  propulsion  by  sails. 
\  See  '  Marine  Propulsion/  p.  15.     (This  book  is  an  abridgement  of  the  spectf  cations  of 


TRANSACTIONS  OF  THE  SECTIONS.  183 

(3.)  The  body  swimming  partly  supported. 

(a.)  On  Bkins  (Nineveh  marbles)  or  gourds  (Barth's  African  Travels). 
(6.)  On  a  rope  (Memoirs  of  Missionaries  in  China), 
(c.)  On  apiece  of  ice  (R.  Valturius,  a.d.  1472). 

(d.)  On  reeds  (as  now  in  Epypt  or  in  Tartary),  where  a  bundle  of  reeds  is  tied  to 
a  horse's  tail  while  the  rider  holds  his  head,  swimming  (Churchill's  Voyages, 
vol.  t.  p.  463). 
(4.)  The  body  floating  out  of  the  water  and  propelled, 
(a.)  By  the  hand  paddling  (as  in  China*). 

(6.)  By  the  hand  working  a  pole  with  which  to  push  or  punt,  or  au  oar  to  paddle, 
scull  or  row  with. 
Mandan  Indians'  tub-shaped  boat,  rowed  by  a  woman  drawing  a  shovel-like  oar 
inwards. 

A  similar  oar  used  like  a  mud-rake  on  the  Rhine. 

Single  oars  with  a  sculling  motion  were  used  in  Nineveh,  Egypt  and  China,  and 
some  of  them  had  twenty  rowers  to  each. 

Double-bladed  paddles  were  uncommon  in  Egypt.  They  are  represented  in  an  old 
Japanese  Dictionary  in  thirteen  volumes,  in  the  British  Museum,  and  in  Nicolo's 
Voyage  in  Greenland  (a.d.  1380). 

Two  oars  worked  by  one  man  were  used  in  the  ancient  British  coracle,  but  not  often 
in  Egypt  or  Nineveh. 

A  curious  plan,  wholly  disused  now,  is  shown  in  Lepsius,  Denkmaeler  aus  Egypten, 
&c,  by  which  Egyptian  rowers  stood  facing  the  outside  of  the  boat  and  swinging 
sideways,  while  each  held  two  oars  nearly  vertical,  on  the  same  side  of  the  boatf. 

Pin  rowlocks  and  oar- slings  were  used  in  Egypt ;  and  the  men  stood  or  sat  at  the 
oar  with  one  leg  raised  on  a  midriff  platform  J. 

(Oars  have  been  worked  by  machinery  moved  by  wind,  water,  rolling  of  the  vessel, 
weights,  springs,  and  steam.)  One  of  the  chips  Columbus  used  in  his  voyage  to 
America  was  propelled  by  thirty-eight  oars.  (A  drawing  is  in  *  Columbus'  Letters,' 
a.d.  1493.) 

"  Edgar  was  rowed  on  the  Dee  by  eight  tributary  kings  §." 

(B.)  Muscular  power  of  animals. 

(a.)  Vessels  towed  by  animals.  In  Leopold's  '  Theatmm'  is  a  sketch  of  a  man  in 
a  boat  holding  a  plough  drawn  by  horses  in  shallow  water.     Barges  were 
until  lately  drawn  on  the  river  Cam  by  horses  walking  in  the  centre  of  the 
stream. 
I.  Three  Egyptian  paintings  represent  (not  clearly)  an  ox  harnessed  to  oars. 

II.  Propulsion  by  forcing  jets  of  water  was  patented  twenty  times  before  a.d.  1830, 
although  Dr.  Allen  had  proposed  to  apply  the  steam-engine  thus  a  hundred  years 
before.  - 

III.  Other  useless  plans  employed  gunpowder,  clockwork,  kites  or  windmills,  and 
one  (a.d.  1827)  bad  a  drum  packed  with  sponges,  which  were  to  move  by  the  weight 
of  water  lifted  on  one  side  by  capillary  attraction,  and  squeezed  out  at  the  other  by  a 
lever||. 

IV.  Omitting  chapelets  and  endless  chains,  of  which  innumerable  applications 
were  made,  we  may  notice  the  more  practical  use  of  Paddle-wheels.  They  are 
wrongly  supposed  to  have  been  used  in  Egypt  and  Nineveh,  and  to  have  been  de- 

Jricted  by  vitruvius^;  but  they  are  shown  in  R.  Valturius  (a.d.  1472)  and  Pancirol- 
ua  (a.d.  1587). 
A  Chinese  drawing  of  a  paddle-wheel  vessel  is  perhaps  600  years  old**. 

English  patents  on  the  subject  prepared  by  the  author  of  this  paper,  and  published  by  Her 
Majesty's  Commissioners  of  Patents.    It  will  be  hereafter  referred  to  by  the  letters  M.  P.) 

*  See  M.  P.,  p.  2.  f  M.  P.,  p.  2,  note. 

$  These  descriptions  can  scarcely  be  made  intelligible  without  the  drawings  that  accom- 
panied them. 

}  Selden,  Mar  Claus.,  fol.  258. 

|  M.  P.,  p.  85.  About  900  patents  have  been  granted  in  Great  Britain  for  inventions 
relating  to  the  propulsion  of  ships. 

J  M.  P.,  p.  7,  note  (d).  **  M.  P,  p.  5. 
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The  Spaniards  assert  that  Blasco  de  Garay  used  a  peddk-wbeel  i 
1543  J. 

The  French  account  of  the  Marquis  de  Jouffroy  as  the  inventor  of  i 
(in  a.d.  1783)  seems  untrue §. 

Denis  Papin  first  suggested  a  paddle-wheel  steam-boat  (a.d.  1690).  shea  Savory  i& 
a.d.  1702,  and  Hulls  in  a.d.  1736. 

Miller  (a.d.  1788),  Symington  and  Taylor  made  the  first  practical  sluani  host  in 
Scotland. 

V.  (Omitting  notice  of  countless  modifications  of  vanes  and  duck-feet  propeQeri.J 
Screw  propellers  were  used  in  China  f,  and  proposed  to  be  driven  by  steam,  by 

1).  Papin  (a.d.  1690)  and  Bernouilli  (a.d.  1752). 

VI.  Submarine  vessels.  Alexander  the  Great  used  onefl.  Van  Drebbel  snade  one 
for  King  James  I.,  and  tried  it  in  the  Thames  with  twelve  rowers. 

Borefii  (a.d.  1683)  proposed  a  submarine  metal  bag  covering  a  mans  head  and 
containing  air  to  breathe.  A  piston  moved 'in  a  cylinder  (carried  round  his  waist), 
and  lowered  or  raised  him  in  the  water  like  the  natatory  organ  of  a  fish.  Boreili 
described  also  a  'submarine  boat.  Bags  open  to  the  water  could  be  pressed  or  extended 
so  as  to  raise  or  lower  the  vessel**. 

Williams  (a.d.  1692)  natented  a  plan  by  which  men  in  a  tube  open  to  the  air  above, 
worked  below  water  with  their  hands  through  water-tight  sleeves,  and  similar  means 
had  been  suggested  by  drawings  in  Vegetiuaf-f.  Diving-bell  first  noticed  in  Europe 
byTaisnier  (a.d.  15QP). 

VII.  Steering  apparatus  and  the  compass. 
One  oar  was  used  in  Babylonia,  and  two,  three  or  more  in  Egypt,  all  on  the  i 

side  of  the  stem. 

Several  Egyptian  paintings  represent  a  steersman  sitting  between  two  i 

by  cords;  but  though  two  models  in  the  British  Museum (uuique and  well  preserved) 
are  furnished  with  this  apparatus,  it  is  difficult  to  see  how  it  operated  J{. 

Three  rudders  (one  in  the  middle)  were  used  in  Siam  §§. 

A  ring  or  enclosed  rowlock  for  hanging  the  rudder  is  depicted  once  on  the  Egyptian 
tombs  (Lepsius,  band  3,  bl.  28). 

The  rudder  was  first  hung  on  pintles  in  a.d.  1328f«J. 

A  rudder  slung  by  a  pole  is  sketched  in  an  old  Japanese  dictionary  ||,  and  was 
used  500  years  ago  by  the  Danes***. 

A  tiller  is  shown  in  one  Egyptian  painting  (Lepsius,  band  2,  bl.  101). 

Columbus  used  a  vessel  steered  by  oars  at  opposite  ends  (as  whale-boats  are  at 
present). 

Rafts  on  the  Rhine  are  steered  by  a  bough  of  a  tree. 

"  Starboard"  means  "  styr  bord,"  the  side  on  which  hung  the  "  etyr"  or  steer-ear. 

R.  Valturius  (a.d.  1472)  says  Pericles  first  used  the  oar  to  steer  at  the  stern. 

The  mariner's  compass  was  probably  invented  in  China  fff.  It  is  supposed  to  be 
alluded  to  by  Chaucer,  and  was  invented  by  Gioia  of  Amalpbi,  about  a.d.  1300.  The 
Arabs  used  eighteen  poiuts  for  the  compass. 

Before  the  use  of  the  loadstone,  sailors  sent  out  birds  to  find  the  position)  and  dis- 
tance of  the  land.  Three  ravens  for  this  purpose  are  mentioned  in  the  voyage  of  Hoee, 

X  Since  the  above  paper  was  read,  the  writer  has  inspected  the  letters  of  Blasco  de  Garty, 
ia  the  Royal  Archives  at  Simancas  in  Spain.  In  these  letters  there  is  no  mention  of  the  we 
of  steam  in  the  experiments  with  vessels.  After  diligent  poblie  and  private  inquiries  sad 
search  in  the  libraries  and  museum  of  Barcelona,  it  appears  that  no  valid  grooods  can  he 
assigned  for  the  assertion  that  Blasco  de  Garay  invented  the  steam-boat. 

The  writer  has  also  inspected  a  paper  at  the  Patent  Office  in  Paris,  duly  stamped  and  signed 
by  notaries,  which  affirms  that  the  Marquis  de  Jouffroy  caused  a  vessel  130  met  long  to 
move  by  a  steam-engine  on  the  Saone,  in  July,  a.d.  1783. 

§  Discussed  minutely  in  M.  P.,  pp.  33,  34. 

U  M.  P.,  p.  25.  U  H.  P.,  p.  9.  **  M.  P.,  pp.  15, 16. 

ft  M.  P.,  p.  17.  ft  M.  P.,  d.  8  (note.) 

$9  Montfaucon's  L'Antiquite,  &c,  vol.  ii.  p.  82  (quoting  Creseentku). 

TO  Steinits'  ship,  p.  122. 

H[|  British  Museum.  •**  M.  P.,  p.  8  (note). 

fff  For  authorities,  see  M.  P.,  p.  4,  note  (a). 
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A  Norwegian  (SteinitB,  p.  41);  and  the  birds  sent  forth  by  Noah  are  thiu  recalled  to 
notice. 

Tbe  foregoing  paper  was  further  illustrated  by  an  original  sketch  of  a  Nile  boat 
made  by  a  Mahommedan,  which  strikingly  resembled  the  "  Heaven-bound  ship"  de- 
picted by  Clemens  as  a  symbol  of  tbe  "  Christian  church."  Also  by  an  old  sketch 
from  the  Roman  catacombs,  in  which  Noah's  ark  is  shown  as  a  chest  with  a  man  in 
it,  and  a  lock  and  key.  Also  by  a  modern  drawing  of  a  steam-boat  by  a  Chinese 
painter,  which  contrasted  with  a  sketch  of  the  'Great  Eastern '  steam-ship. 


On  a  new  Railway  Signal,    By  Dr.  Gray. 

The  author  said  the  new  railway-signal  had  been  tested  very  satisfactorily  upon  the 
Midland  Great  Western  Railway.  The  qualities  which  it  possessed,  and  which  were 
relied  on  as  establishing  its  value  and  efficiency,  were, — First,  the  signal  could  be  made 
from  the  guard  to  the  driver  and  back  again  with  certainty  and  rapidity.  Secondly, 
that  the  guard  and  driver  should  be  able  to  communicate  with  each  other  by  means  of 
a  code  of  signals.  Thirdly,  that  in  certain  cases  the  signal  apparatus  should  be  self- 
acting  automatic;  for  instance,  if  any  accident  caused  the  severance  of  the  train,  which 
would  prevent  any  communication  between  the  guard  and  the  driver  by  the  voluntary 
action  of  either,  that  notice  of  the  fact  would  be  conveyed  to  them  by  the  apparatus 
itself.  Fourthly,  that  there  should  be  no  special  skill  required  in  order  to  manage  or 
make  the  signal ;  what  he  meant  by  that  was,  that  it  should  not  be  liable  to  derange- 
ment, and  that  in  case  some  derangement  did  occur,  the  ordinary  workmen  employed 
on  railway  works  would  be  able  to  set  the  apparatus  right  or  make  a  new  one.  Fifthly, 
that  there  should  be  always  a  constant  indication  before  the  parties  in  charge  of  the 
train  that  the  signal  was  in  working  order,  so  that  the  guard  would  not  start  from  the 
station  without  knowing  that  the  signal  was  all  right  and  in  reliable  condition,  and 
would  not  fail  him  upon  the  journey.  The  sixth  requisite  was,  that  the  communication 
between  the  carriages  should  be  of  such  a  nature  that  there  would  be  no  serious  delay 
in  making  up  the  train  of  carriages,  because  of  the  use  of  the  signal. 

The  author  entered  at  some  length  into  the  principles  and  details  of  the  invention, 
and  exhibited  a  working  model,  the  size  of  the  actual  apparatus,  and  several  experi- 
ments were  then  tried,  all  of  which  worked  successfully. 

The  essential  principle  of  the  signal  was  stated  to  be  the  producing,  in  a  metal  tube 
of  about  f  inch  bore,  and  which  was  placed  along  the  entire  train  of  carriages,  a  more 
or  less  perfect  exkavit,  and  causing  the  distribution  of  that  exhaust  to  act  on  the  sig- 
nals. A  common  exhaust-pump,  worked  by  an  excentric  on  the  axle  of  the  guard's 
van,  works  the  pump  when  the  train  moves,  and  instantly  exhausts  the  air  from  the 
tube.  This  action  causes  a  piston-head  that  plays  in  a  little  cylinder  at  the  end  of 
the  long  tube  which  is  placed  in  front  of  the  driver,  to  be  pressed  up  into  the  cylinder 
by  the  external  air,  and  to  carry  with  it  and  out  of  view,  a  red  bar  or  semaphore. 
This  bar  remains  invisible  when  all  is  right,  but  the  guard,  by  turning  a  cock  on  hit 
end  of  the  tube  like  a  gae-oock,  destroys  the  exhaust  and  lets  down  the  red  bar  or 
danger  signal  in  front  of  the  driver's  eye.  The  semaphore  is  so  adjusted,  that  it  is  in 
fiict  also  a  weighted  lever  on  a  little  steam  cock  to  which  a  whistle  is  fitted,  and  when 
it  is  let  down  to  indicate  danger,  it  turns  on  steam  by  its  falling,  and  so  attracts  the 
driver's  attention  by  the  whistle.  The  tube  from  carriage  to  carriage  has  a  flexible 
pendent  and  a  telescope  air-tight  connexion.  This  allows  freedom  of  motion,  and  on 
the  severance  of  a  tram  the  tube  is  opened,  and  all  the  signals  given  at  both  ends  of 
the  train*  Similar  signals,  the  steam  whistle  alone  excepted,  are  placed  in  the  guard's 
van,  and  the  driver  or  any  passenger  can  communicate  with  him  by  opening  a  stop- 
cock. A  little  traddle  placed  near  the  guard's  foot  enables  him  to  teat  she  apparatus, 
and  ascertain  if  the  eonnexioos  are  all  right  before  the  train  moves.  The  exeentric 
then  satnntahst  the  exhaust. 

The  signals  were  made  through  a  tube  168  feet  in  length  with  tire  greatest  rapidity, 
and  the  air  was  exhausted  at  one  end  by  an  air-pump,  but  by  a  simple  turning  of  the 
cock  the  effect  of  this  exhaustion  was  destroyed,  and  a  red  bar  or  semaphore  was 
thrown  across  a  little  box  representing  the  box  beside  the  driver,  and  a  whistle  was 
also  made  to  sound  by  the  same  instrumentality. 
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On  the  Construction  of  the  36-inch  Mortar*  made  by  order  of  Her  Mojatfi 
Government,    By  R.  Mallet. 

The  author  gave  a  verbal  account  of  the  two  36-inch  wrought-iron  mortars,  and  of 
the  36-inch  shells  constructed  from  his  designs  for  the  British  Government,  He 
described  the  peculiarities  of  their  construction,  to  avoid  difficulties  of  maaufaetnre 
and  of  transport  in  service ;  and  contrasted  the  powers  of  demolition  as  against  forti- 
fied places,  of  these  large  shells,  or  transferable  mines,  with  the  13-inch  shell,  the 
largest  heretofore  in  use,  concluding  with  some  remarks  on  the  application  of  wrought 
iron  to  artillery. 


On  Tangent- Wheels.    By  Guildford  L.  Molesworth. 

The  author  first  presented  some  general  views  in  hydraulics,  and  compared  the 
efficiency  of  water-wheels,  turbines  and  tangent-wheels.  He  then  described  sad 
showed  diagrams  of  a  small  wheel  somewhat  similar  to  the  tangent-wheel,  for  a  small 
workshop. 

A  description  was  then  given  of  a  tangent-wheel  sent  by  the  author  to  Tasmania 
for  driving  a  corn-mill  of  six  pairs  of  stones,  with  the  dressing  machinery.  The  fall 
was  270  feet,  with  an  available  quantity  of  2£  cubic  feet  of  water  per  second.  The 
water  was  confined  in  a  pipe  and  brought  down  to  act  on  the  periphery  of  a  wheel 
3  feet  in  diameter,  which  revolved  at  a  velocity  of  360  revolutions  per  minute ;  the 
rims  of  the  wheel  were  turned  up  truly  on  the  shaft,  and  the  edees  of  the  inlet  care- 
fully faced  to  correspond  with  them  ;  the  buckets  were  of  wrought  iron,  cast  into  the 
rims,  curved  and  ventilated ;  the  conditions  to  be  observed  in  forming  the  curve  of 
the  buckets  were  described  as  requiring  the  water  to  enter  without  shock,  remaining 
in  the  bucket  sufficiently  long  to  expend  its  vis  viva,  and  then  leaving  it  without  dimi- 
nishing the  effect ;  the  formation  of  these  curves  being  the  most  important  feature  in 
producing  an  efficient  machine. 

The  toe  of  the  shaft  was  so  arranged  as  not  to  be  submerged,  and  the  oiling  was 
managed  by  a  convenient  apparatus. 

The  mechanical  effect  of  the  tangent-wheel  was  stated  to  be  from  seventy-fire  to 
eighty  per  cent.,  which  was  rather  higher  than  that  of  Fourneyron's  turbine. 

Some  experimenters  had  affirmed  that  Fourneyron's  turbines  had  given  out  as  mock 
as  eighty-five  or  ninety  per  cent.,  but  it  was  evident  that  such  statements  must  arise 
from  some  mistake ;  the  consumption  of  power  from  different  causes  was  stated  to  be 
about  twenty-five  per  cent.,  leaving  only  seventy-five  per  cent,  available ;  the  probable 
source  of  error  was  supposed  to  have  arisen  from  the  use  of  incorrect  coefficients  for 
efflux  in  gauging  the  amount  of  water  passing  through  the  turbine  and  probably  in 
some  instances  from  neglecting  the  element  of  velocity  in  the  body  of  water  gauged, 
Castel's  formula  of  0=3-5  LH  VH+-035  u*  was  given  as  applicable  to  the  case. 

It  was  also  stated,  that  in  practice  Whitelaw's  turbines  gave  much  less  mechanical 
effect  than  that  usually  attributed  to  them,  viz.  seventy-five  per  cent  The  causes  of 
loss  of  power  were  enumerated,  and  it  was  said  that  many  which  had  been  erected  on 
the  Continent  had  given  great  dissatisfaction,  and  had  been  for  the  most  part  replaced 
either  by  water-wheels,  tangent- wheels,  or  turbines  of  a  different  kind.  The  tangent- 
wheel  had,  on  the  contrary,  replaced  well-constructed  over-shot  wheels,  and  had  been 
highly  approved  of. 

The  advantages  of  the  tangent-wheel  were  summed  up  as  follows : — 1st  The  water 
deviated  less  from  its  course  and  was  less  broken  up  than  in  turbines.  2ndly.  The 
tangent-wheel  was  capable  of  such  regulation  as  to  work  with  varying  quantities  of 
water  with  undiminished  effect,  one  quarter  of  the  maximum  auantity  of  water  pro- 
ducing as  good  a  proportional  effect  as  the  maximum.  3rdly.  It  was  cheap  and 
simple,  and  required  no  expensive  foundations.  4thly.  The  toe  of  the  shaft  was  not 
submerged  in  tne  tail-water.  5thly.  The  working  parts  were  easily  got  at,  and  the 
wheel  taken  out  in  a  few  minutes  for  examination  or  repair.  6thly.  The  velocity  of 
the  wheel  was  not  dependent  on  the  quantity  of  water.  7thly.  The  motion  was 
extremely  steady  and  regular. 

The  method  of  placing  the  wheel  with  its  axis  horizontal  was  stated  to  have  been 
tried,  but  without  success,  owing  to  the  difficulty  of  freeing  it  of  water. 
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In  conclusion,  it  was  urged  that  the  tangent-wheel  was  applicable  to  many  falls  in 
which  the  adoption  of  the  water-wheel  was  not  only  unsuitable  but  impracticable ; 
and  that  much  water-power  which  was  at  present  wasted,  might  be  utilized  by  means 
of  it.  It  was  applicable  to  all  kinds  of  work,  and  might  be  used  for  agricultural  pur- 
poses with  great  advantage. 

On  the  Want  of  Facts  respecting  the  Performance  of  Vessels  at  Sea. 
By  Admiral  Moorsom. 

The  author  had  himself  arrived  at  results  both  in  rpeed  and  in  power  for  a  great 
variety  of  types  which  appeared  very  near  the  truth ;  and  if  a  similar  method  of  inves- 
tigation were  applied  to  carry  out  experiments  conducted  at  sea  under  a  vast  variety 
of  conditions  as  to  form,  size,  and  circumstances,  rules  might  be  established  which 
would  serve  to  determine  much  of  what  was  now  the  subject  of  controversy,  and  go 
far  to  remove  the  reproach  on  the  greatest  maritime  nation  of  the  world,  which  was 
contained  in  the  following  passage  of  a  work  by  Mr.  Scott  Russell : — "  It  is  admitted 
that  out  of  every  three  steam-vessels  that  are  built,  two  fell  very  far  short  of  fulfilling 
the  intention  with  which  they  were  constructed." 


Improvements  in  the  mode  of  Working  Steam* Engines.    By  T.  Moy. 

By  drawings  the  author  showed  how  he  proposed  to  work  steam-engines.  No.  1 
was  an  elevation  plan  and  cross  section  of  a  pipe-boiler.  The  boiler  is  composed  of  a 
continuous  tube,  which  may  be  arranged  as  in  the  drawing  or  in  any  other  efficient 
mode,  and  is  always  kept  full  of  water.  By  the  circulation  of  the  water,  the  cylinder 
is  always  kept  at  the  same  heat  as  the  boiler.  The  heated  water  circulates  through 
the  boiler,  jacket,  and  valve-box  of  the  cylinder;  the  upper  and  hottest  end  of  the 
tube  communicates  with  the  upper  part  of  the  jacket,  ana  the  lower  end  of  the  tube 
carries  the  cooled  water  back  to  the  boiler.  An  open  communication  is  maintained 
in  any  convenient  place  or  places  between  the  jacket  and  valve-box.  The  slide-valve 
(Drawing  No.  2)  has  three  cavities  in  it.  The  upper  and  lower  cavities  are  for 
receiving  and  delivering  the  necessary  quantity  of  water  from  the  valve-box  to  the 
steam-passage.  The  middle  cavity  is  for  the  eduction.  Before  the  water-cavity  of 
the  valve  arrives  with  its  supply  of  water  at  the  steam-port,  its  communication  with 
the  valve-box  is  cut  off,  and  this  portion  of  water  turns  into  steam  and  works  the 
piston.  In  the  drawing  No.  2,  the  upper  water-cavity  is  shown  as  having  arrived 
opposite  the  upper  passage  and  the  piston  has  just  commenced  the  down-stroke, 
while  the  used  steam  under  the  piston  is  passing  off  through  the  eduction.  The 
throttle-valve  and  regulator  must  be  on  the  eduction. 

The  author  mentions  a  plan  for  controlling  the  number  of  inches  of  water  supplied 
to  the  cylinder  at  each  stroke  without  stopping  the  engine.  The  engine  always 
works  expansively. 

Suppose  an  engine,  the  internal  capacity  of  whose  cylinder  is  equal  to  3  cubic  feet, 
to  be  supplied  by  the  valve  with  3  cubic  inches  of  water  at  500°  Fahr.  As  soon  as 
this  is  at  liberty  to  enter  the  cylinder  it  begins  to  turn  into  steam,  which  will  drive 
the  piston  until  all  the  water  has  turned  into  steam ;  from  this  point  of  the  stroke  to 
the  end  the  steam  will  work  expansively,  and  at  the  end  of  the  stroke  will  be  just 
equal  to  the  pressure  of  the  atmosphere.  By  its  then  passing  through  the  eduction 
into  a  surface  condenser  (without  injection,  and  without  attempting  to  obtain  a 
vacuum),  it  can  be  condensed  to  water  and  returned  to  the  boiler. 

Suppose  this  engine  to  be  used  in  a  factory.  If  it  is  required  to  reduce  the  power 
of  the  engine  in  consequence  of  some  of  the  work  being  thrown  out  of  gear,  this  may 
be  done  in  two  ways — by  reducing  the  temperature  of  the  boiler,  or  by  reducing  the 

auantity  of  water  supplied  by  the  water-cavity  of  the  slide-valve ;  in  the  former  case 
he  engine  will  work  less  expansively  and  with  less  pressure;  in  the  latter  more 
expansively  and  with  the  same  pressure  at  the  first  portion  of  the  stroke. 

By  this  mode  of  working  steam-engines,  great  safety  with  increased  pressure  and 
compactness  may  be  obtained ;  incrustation  of  the  boiler  and  priming  of  the  cylinder 
will  oe  prevented,  _____ 
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On  the  Philosophy  of the  Wav+Lme  System  of  Shipbuilding.    ByT.Mox. 

The  purport  of  this  paper  was  to  explain  the  mode  of  forming  the  wave-line ;  the  rea- 
son why  the  wave-line  is  the  best  form  for  vessels ;  and  to  show  how  speeds  equal  to  fftr 
miles  an  boor  and  upwards  may  be  attained  by  using  the  wave  form  in  ita  integrity. 

The  mode  of  forming  the  wave-line  was  shown  in  the  drawing  exhibited. 

Treating  water  as  subject  to  the  same  laws  as  solid  bodies  in  motion,  it  was  urged 
that  the  best  motion  for  one  atom  of  the  column  of  water  in  travelling  its  20  feet  from 
the  cutwater  to  the  extent  of  the  midship  section,  is  that  which  the  piston  of  a  steam- 
engine  would  receive  if  connected  with  a  crank  of  the  length  of  1 0  feet,  the  connecting 
rod  being  supposed  to  be  infinite.  The  wave-curve  imparts  this  motion  to  each  atom, 
and  therefore  to  the  whole  column  of  water ;  and  any  attempt  to  make  this  line  either 
fuller  or  sharper  will  cause  a  decrease  of  speed.  Also  that  any  angle  whatever  termed 
at  the  stem  with  the  line  of  motion  is  improper  and  highly  detrimental  to  speed. 

It  was  proposed  that  the  common  term  "  resistance  "  is  inapplicable,  and  that  the 
term  "  duty'  is  preferable. 

The  subject  was  then  illustrated  by  supposing  a  vessel  of  40  feet  beam,  100  feet 
length  of  bow,  and  200  horse  power  to  travel  at  ten  miles  an  hour ;  this  vessel's  elafis- 
would  be  that  of  giving  motion  to  two  columns  of  water,  one  on  each  aide  of  bar  keel 
at  right  angles  to  her  course,  at  a  speed  of  176  feet  per  minute  or  2  miles  an  hoar. 
This  vessel  was  called  No.  2.     No.  3,  with  a  bow  200  feet  long,  the  same  midship 


section,  and  400  horse  power,  will  perform  the  duty  of  putting  the 
motion  at  1 76  feet  per  minute  or  2  miles  an  hour,  while  she  performs  20  miles  sa 
hour.  No.  4,  with  250  feet  bow  and  the  same  midship  section  and  500  bone  power, 
will  put  the  water  in  motion  at  the  same  speed,  176  feet  per  minute  or  2  miles  sa 
hour,  while  the  vessel  performs  25  miles  an  hour ;  and  No.  5,  with  a  bow  500  feet 
long  and  die  same  midship  section,  performs  the  same  duty  of  putting  the  water  in 
morion  at  the  same  low  speed  of  2  miles  an  hour,  while  she  travels  at  the  speed  of 
50  miles  an  hour,  and  only  requires  1000  horse  power, — while  the  '  Great  Eastern,' 
in  consequence  of  her  great  beam,  would  have  to  give  motion  to  the  column  of  water 
equal  to  6|rd  miles  an  hour,  in  order  to  attain  a  speed  of  50  miles  an  hour.  A 
vessel  of  0000  tons  and  1000  horse  power  could  be  built  upon  the  above  sharp  hnei 
to  travel  at  the  rate  of  50  miles  an  hour. 

The  following  is  the  rule  to  find  the  speed  of  the  water  at  right  angles  to  the  line 
of  motion : — Divide  the  speed  in  feet  per  minute  by  the  length  of  bow  and  multiply 
the  product  by  half  the  length  of  beam,  which  gives  the  speed  of  the  column  of  water 
in  feet  per  minute.    The  following  Table  was  referred  to : — 


No. 

Length  of 

Speed  per 
minute  in  £u 

■files  per 

Speed  of  colnmn  of 

bow. 

hoar. 

water  per  aumrte. 

1. 

20  feet 

176 

2 

176  feet 

2. 

100    „ 

880 

10 

176    „ 

3. 

200    „ 

1760 

20 

176    „ 

4. 

250     „ 

2200 

25 

176    „ 

5. 

500    „ 

4400 

50 

176    „ 

'  Great  Eastern.' 

330    „ 

4400 

50 

547    „ 

On  ike  Laying  of  Submarine  Telegraph  Cables.    By  Sir  J.  Murray. 

Mr.  B.  A.  Murray  made  some  observations  on  the  advantages  of  "spinning  silk 
from  the  cocoon,"  and  exhibited  a  model  of  machinery  invented  and  patented  by  him 
for  effecting  the  new  process ;  and  stated  that  silk  spun  in  this  manner  was  perfectly 
even  and  free  from  knots,  and  consequently  greatly  superior  to  the  article  produced 
by  the  old  system ;  in  addition  to  which  a  great  saving  of  labour  and  machinery  was 
effected ;  weft  being  produced  in  one  operation,  and  organgine  in  two  operations, 
from  the  cocoon.  One  speciality  of  the  patent  is  the  spinning  of  the  skeining  reel 
and  bobbin*. 

*  Applied  to  raw  silk,  the  machine  in  one  operation  spins,  doubles,  and  throws  silk  wesed 
to  a  bobbin  from  the  skein. 
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Some  Fads  on  the  Flow  of  Walter  through  Circular  Pipes. 
By  J.  Neville. 

On  the  Submarine  Electric  Telegraph  Cable.    By  A.  Balestrihi, 

On  the  Principle  of  the  Transformation  of  Structures. 
By  W.  J.  Macquorn  Rankine,  LLJ).,  F.R.S.  L.  and  E. 

This  paper  consists  of  an  explanation  of  some  of  the  practical  applications  of  a 
principle  nrst  communicated  by  the  author  to  the  Royal  Society  in  1856,  viz.— if  a 
structure  of  a  given  figure  be  stable  under  a  system  of  forces  represented  by  given 
tines,  every  structure  whose  figure  is  a  parallel  projection  of  the  given  figure  is  stable 
under  a  system  of  forces  represented  by  the  corresponding  parallel  projections  of  the 
given  lines. 

(Two  figures  are  said  to  be  parallel  projections  of  each  other  when  every  pair  of 
parallel  and  equal  lines  in  one  figure  corresponds  to  a  pair  of  parallel  and  equal  lines 
in  the  other.  Thus  all  circles  and  ellipses  are  parallel  projections  of  each  other ;  so 
also  are  all  spheres  and  ellipsoids.) 

This  principle  enables  the  design  for  a  bridge  with  a  sloping  extrados  and  a  distorted 
semi-elliptical  arch  to  be  deduced  from  the  design  for  a  bridge  with  a  horizontal 
extrados  and  a  semicircular  arch.  In  like  manner,  from  the  figure  of  an  equilibrated 
arch  for  sustaining  the  pressure  of  a  fluid,  which  is  equal  horizontally  and  vertically, 
can  be  deduced  the  figure  of  an  equilibrated  arch  for  sustaining  the  pressure  of  earth, 
which  is  less  horizontally  than  vertically  in  a  given  ratio ;  and  various  analogous 
problems  can  be  solved  with  ease  by  the  principle  of  the  transformation  of  structures, 
whose  solution  by  a  direct  process  would  be  very  tedious  and  difficult. 

Continuation  of  Experiments  to  determine  the  Resistances  of  Screw-Propellers 

when    revolving    in    Water   at  different  Depths  and    Velocities.     By 

George  Rennie,  F.R.S.,  fyc. 

My  former  experiments  exhibited  some  curious  phenomena  on  the  effects  produced 
on  the  resistances  of  screw-propellers  when  revolving  in  water  at  high  velocities  and 
at  different  depths.  The  first  idea  of  driving  screw  propellers  at  high  velocities  and 
immersed  at  different  depths  was  stated  to  be  due  to  Mr.  Joseph  Apsey,  an  engineer 
of  Broad  Wall,  in  the  parish  of  Christ  Church,  Surrey,  but  from  the  experiments 
having  been  made  in  a  close  boiler,  objections  were  made  to  them  at  Glasgow  as  being 
fallacious ;  and  it  was  only  after  similar  experiments  had  been  made  by  me  in  the 
open  water  in  the  river  Thames  that  they  were  confirmed.  Those  results  were  given 
in  my  last  paper,  published  in  the  'Transactions  of  the  British  Association'  in  1856. 

Both  series  of  experiments  proved  that  the  influence  of  velocity  was  much  greater 
than  that  of  depth,  but  that  the  joint  action  of  velocity  and  depth  was  very  remark- 
able.  The  present  paper  contains  the  results  of  experiments  made  on  differently 
formed  propellers,  for  the  purpose  of  ascertaining,  first,  the  effects  of  screw-propellers 
when  confined  in  tubes  of  a  conical  form ;  secondly,  the  effects  of  form  of  propellers 
working  alone  and  not  in  tubes. 

The  common  two-bladed  screw,  13  inches  diameter, 
pitch  20  inches,  600  revolutions  per  minute,  when  working 
in  a  depth  of  12  inches  above  top  of  screw,  gave  a  pressure 
ft.  in. 

{1   H  diameter,  large  end. 
1    2\         „        small  end. 
1    7    in  length. 
The  tame  two-bladed  screw,  when  immersed  and  work- 
ing in  a  depth  of  12  inches  above  top  of  screw,  gave  a 
pressure  of  144  lbs.,  or  more  than  double  of  the  pressure 
when  confined  by  the  tube. 

Without  working  in  a  tube. — Effects  produced  by  a  three-bladed 
screw-propeller  of  similar  diameter,  13$  inches  and  pitch  20  inches, 
area  of  circle  1  square  foot  to  the  two-bladed  screw  and  moved 
at  the  same  velocity  of  600  revolutions  per  minute,  and  immersion 
0f  12  inches  above  the  level  of  the  screw  without  a  tube,— 157  lbs. 
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Without  working  in  a  tube. — Effects  produced  by  a  two-bladed 
screw-propeller,  similar  to  the  common  screw,  in  diameter  13£  inches 
and  20  inches  pitch,  area  1  square  foot,  but  having  a  portion  of  the 
interior  of  its  blades  cut  away  in  hollow  curves, — 176  lbs. 


Without  working  in  a  tube. — Effects  produced  by  a  two-bladed  screw-pro- 
peller, 13|  inches  diameter  and  20  inches  pitch,  but  tapered  at  the  outer 
extremities  of  the  blades  in  a  parabolical  form  thus  : — 1 37  lbs.  Area  of  circle 
1  square  foot. 


The  above  experiments  were  varied  in  many  ways  both  in  speed  and  depth;  but 
the  mean  pressures  which  are  given  are  sufficiently  approximate.  The  greatest  result 
is  given  by  the  curved-bladed  propeller. 

Jppmrmtmfir  trying  the  reeUtancee  of  different  Screws  when  immersed  at  timUer  depth 

m  the  Rfoer  Tkamee. 


On  the  Quantity  of  Heat  developed  by  Water  when  rapidly  agitated. 
By  George  Rennie,  F.R.S. 
My  last  paper,  communicated  to  the  Mechanical  Section  of  the  British  Association 
at  Cheltenham,  in  August  1856,  contained  a  brief  notice  of  the  experiments  which 
had  been  made  upon  this  subject  by  Count  Rumford,  and  by  Mayer,  Joule,  Thom- 
son, Rankine,  &c.  The  mechanical  equivalents  which  were  estimated  by  tho*e 
philosophers  therefrom,  and  the  heat  developed  by  chemical  as  well  as  by  mechanical 
action,  were  briefly  noticed ;  and  the  causes  which  led  to  the  making  the  experiments 
were  shown  to  have  originated  in  the  development  of  heat  observed  by  me  in  the  sea 
in  stormy  weather,  and  when  water  ran  through  sluices  at  Southampton  Dock  and 
other  confined  apertures.  As  formerly  stated,  the  experiments  were  made  by  agitating 
rapidly  a  mass  of  437  lbs.  of  well-water  confined  in  a  cubical  box,  until  its  tempers- 
ture  became  elevated  from  59°  Fahrenheit's  thermometer  to  103J°  by  the  tame 
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leak,  1ml  without  adding  the  lop  of  heat  by  the  radiation  of  the  maas ;  that  proving 
the  correctness  of  the  theory,  namely,  that  water,  like  other  fluids,  was  subject  to 
the  same  laws  as  govern  chemical  or  mechanical  action ;  and  that  friction  or  agitation 
was  neither  more  nor  less  than  a  disturbance  of  molecular  equilibrium,  which,  by 
deranging  from  their  natural  positions  the  particles  of  bodies,  developes  heat  and  elec- 
tricity, according  to  the  constitution  of  the  bodies  subject  to  their  action,  and  to  the 
rapidity  with  which  those  operations  were  performed.  Encouraged  therefore  by  the 
facta  elicited  by  the  experiments  of  last  year,  I  undertook  this  year  a  new  series  of 
experiments,  the  objects  of  which  were, — 

1st.  To  prove  the  accuracy  or  not  of  the  last  year's  experiments. 

2nd.  The  law,  or  approximation  to  it,  of  increased  temperature. 

3rd.  The  possibility  of  attaining  the  boiling-point. 

4th.  The  mechanical  equivalent  of  heat  to  mechanical  power. 

For  these  purposes  an  entirely  new  apparatus  was  prepared.  It  was  driven  by  the 
steam-engine  as  before. 

Description  op  the  Apparatus  por  Churning  Water. 

The  apparatus  consisted  in  the  first  new  series  of  experiments  of  a  cubical  deal  box, 
28  inches  square  and  23  inches  in  depth.  It  was  covered  with  a  lid  of  the  same 
material,  fitted  to  prevent  the  water  from  escaping  while  in  motion,  and  was  per- 
forated with  a  circular  hole  in  the  middle  of  the  lid,  to  allow  the  working  freely  of  a 
vertical  axis  or  spindle.  The  spindle  itself,  which  was  2f  inches  square,  was  furnished 
with  eight  radial  arms,  fitted  with  a  series  of  vertical  stirrers  nailed  upon  their  sides, 
to  break  the  water  as  much  as  possible ;  and  to  prevent  rotary  motion  in  the  water, 
vertical  boards  were  fixed  in  the  corners  of  the  box.  The  axle  was  supported  in  two 
bearings  above  the  box,  and  had  no  bottom  spindle  as  in  the  former  experiments,  an 
objection  which  was  urged  last  year.  On  the  contrary,  the  bottom  of  the  vertical  axis 
waa  3  inches  above  the  bottom  of  the  box.  It  is  clear,  therefore,  whatever  heat  might 
have  been  generated  by  the  friction  of  the  bearings  of  the  vertical  axle  could  not  be 
communicated  to  the  water,  and  such  was  found  to  be  the  case.  The  whole  appa- 
ratus was  of  wood. 

The  box,  when  filled,  contained  50  gallons  or  500  pounds  of  well-water,  previous 
to  the  apparatus  being  set  in  motion  on  the  1 9th  of  June,  1857 ;  the  following  were 
the  results  of  a  preliminary  trial : — 

Third  Series  of  Experiments. — June  19,  1857. 
Result  of  first  day  (9  hours),  heating  water  by  churning. 


Time. 

Temp,  of  water 

Temp. 

h    m 

in  box. 
o 

of  air. 

o 

11   30  A.M. 

.     . 

61-0      . 

.     70 

12  30  p.m. 

.     . 

60*5 

1  30      „ 

.     . 

62*5 

2  30      „ 

.     , 

64 

.      72 

3  30      „ 

•     . 

66 

Time, 
h  ra 

4  30  p.m. 

5  30  „ 

6  30  „ 

7  30  „ 

8  30  „ 


Temp,  of  water 
in  box. 

.  68 

.  69*5 

.  71 

.  72 

.  73 


Temp, 
of  air. 


70 


Temperature  of  water  in  box  increased  from  60°'5  to  73°.    Increase  in  9  hours  13°-5 
Loss  by  radiation  in  10£  hours  9°=85°'7  per  hour.  9  hours  at  85°7  per  hour    7°*7 

Total  increase  in  9  hours  2l°'2  or  2°'35  per  hour.  Total  increase  21°*2 

Average  revolutions  per  minute  88*64. 

60  gallons  of  water  at  starting.    42*5  gallons  of  water  at  stopping. 

Third  Series  of  Experiments. — June  20,  1857. 
Result  of  second  day  (9  hours),  heating  water  by  churning. 


Time. 

Temp,  of  water 

Temp. 

Time. 

Temp,  of  water 

Temp. 

h  m 

7  0  a.m. 

in  box. 
o 
.     .      64 

of  air. 
.      66* 

h  m 
12  0  p.m.      , 

• 

in  box. 
o 
81 

of  air. 
o 

8  0    „     • 

.    .     67 

1  0      „ 

•     • 

84*5       . 

.      74 

9  0    „     .     . 

.    .     69 

2  0      „ 

•     • 

88 

10  0    „     .     . 

.     72 

3  0      „ 

»     . 

90 

no,,. 

.    .     77-5 

4  0      „ 

»     . 

92 

.     74 

1M 
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Temperatnre  of  water  Sa  box  increased  from  64°  to  yt*.     Increase  ia  9 
Loss  by  radiation  1°  per  hour.        9  hours  it  1°  per  hour 


Total  i 


Total  increase  of  temperature  in  9  boors  37°,  or  4°*1  per  boor. 
Average  number  of  revolutions  86*64, 
50  gallons  of  water. 


Third  Sbriss  or  Experiments. — June  22,  1857. 

Remit  of  third  day  (8  hours),  heating  water  by  churning 

Temp,  of  water     Temp, 
in  box. 


Time. 

h    m 

9  30  a.m. 

10  30    „ 

11  30    „ 
19  30  P.M. 


1  30 

9  30 
9  30 
4  30 
ft  30 


5* 

58 
61 
63*5 

68 

74 
76 
80 
83 


of  air. 
fiJf  Began  with  cold  water,  in  consequent*  of 
\     plug  in  bottom  of  box  ~ 


ml {0  30  a.m.  Stopped  15  minutes  in  con- 
\     sequence  of  belt  breaking. 

9  15  p.m.  Gauge-glass  broke. 

68 


Temperature  of  water  in  box  increased  from  56°  to  83°.     Increase  in  8  hours  27° 
Loss  from  radiation  in  IS  hours  13°,  or  1°  per  hour.  8  hours  at  1°  per  hour .    8° 

Total  increase  35° 
Total  increase  of  temperature  in  8  hours  35°,  or  4°-375  per  hour. 
Average  revolutions  per  minute  88*64. 
50  gallons  of  water  at  starting.    45  gallons  of  water  at  stopping. 

Third  Series  of  Experiments. — June  24,  1867. 
Result  of  fourth  day  (11  hours),  heating  water  by  churning. 

Time. 


Time. 

Temp,  of  water 

Temp. 

h    m 

in  box. 

of  air. 

6  30  A.M.     . 

.     .     72  .     . 

.     64 

7  30    „        . 

.     .     79 

8  30    „ 

.     .     .     84 

9  30    „ 

.     .     87 

10  30    „ 

.    .    90 

11  30    „ 

.     .     .     93 

12  30  P.M.     . 

.    .    96  .    . 

.     74 

Temp,  of 

water  in  box. 


Temp, 
of  air. 


h    m 

1  30  p.m.  ...     98 

2  30    „  ...  100 

3  30    „  .     .     .101 
Stopped  20  minutes,  broke  belt. 

4  30  p.m.  .     .     .102 

5  30    „  ...  104  ...     75 

Temperature  of  water  in  box  increased  from  72°  to  104°.  Increase  in  1 1  hours  32° 
Loss  by  radiation  in  13  hrs.  2°,  or  '0153°  per  hour.  1 1  hours  at  '0153°  per  hoar  1°*6 

Total  increase  33^6 
Total  increase  of  temperature  in  11  hours  330,6,  or  3°*05  per  hour. 
Average  revolutions  per  minute  88*64. 
50  gallons  of  water. 

Third  Series  of  Experiments. — June  25,  1857. 
Result  of  fifth  dag  (13  hour$),  heating  water  by  churning. 
Temp,  of  water        Temp.  .     « 


Time. 

b    m  ■*  box. 

6  30  a.m 102 

7  30    „        ....     105 

8  30    „        ....     107 


of  air. 

o 

68 


Box  covered  with  hair-felt  on  previous 
night,  to  prevent  radiation  as  much 
as  possible. 
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Time.  Temp,  of  water      Temp. 

lim  in  box.  of  air. 

Q  Qn  A  M  1A°  ° /Stopped  15  minutes  to  tighten  first-mo* 

»•*»*•* 1W      •     •     ..|     tU  driving  belt. 

10  30    „        .     .     .     .     115 

11  30    „        ....     118 

12  30    „        ....     122'5    .     .     78 
1  30P.M 126 

330,,       ••••130      ....     Thermometer  indicates  no  higher. 

3  20  J  Stopped  30  minutes  to  cut  larger  hole 

"  1     for  new  thermometer. 

4  30  „  ....  132 

5  30  „  ....  134 

6  30  „  ....  136 

7  30  „  ....  140   ,  .  76 

Temp,  of  water  in  box  increased  from  102°  to  140P.    Increase  in  1 3  hours     38° 
Loss  by  radiation  in  1 1  ft  hrs.  18°,  or  1°*66  per  hour.   13  hrs.  at  1°*56  per  hour  20°-28 

68°-28 
Total  increase  of  temperature  in  13  hours  58°*28,  or  4°"483  per  hour. 
Average  number  of  revolutions  per  minute  88*64. 
60  gallons  of  water. 

First  Sbribs  or  Experiments. — June  26,  1857. 
Result  of  sixth  dag  (13  hours),  heating  water  bg  churning. 

7  Oa.m 122      ,    •    62    7  45  a.m.  second- motion  belt  broke: 

8  0    „        ....     124  started  again  8  a.m. 

9  0  „  ....  128  9  5  a.m.  Glass  tube  in  which  tbermo- 
10  0  „  •  •  •  .  meter  was  placed  broke,  carrying 
110,,  ....  thermometer  into  box ;  defect  made 
12  Op.m 124  good;  started  again  10  15  a.m. 

1  0  „  ....  128       ..     76 

2  0  „  ....  130 

3  0  „  ....  132 

4  0  „  ....  136       .     .     78 
6  0  „  ....  138 

6  0    „         ....     140 

7  0    „         ....     142 

8  0    „         ....     144       •     .     76 

Temp,  of  water  in  box  increased  from  122°  to  144*.     Increase  in  13  hours   .  22° 
Loss  by  radiation  in  11  hrs.  18°,  or  1°*63  per  hour.     13  hrs.  at  1°*63  per  hour .  20*19 

42°-19 
Total  increase  of  temperature  in  13  hours  4 2°' 19,  or  32°*45  per  hour. 
Average  number  of  revolutions  per  minute  88*64. 
50  gallons  of  water. 

Second  Sbribs  of  Experiments.— July  14,  1857* 
Result  of  seventh  dag's  trial. — Apparatus  for  heating  water  in  small  box. 

Temperature  of  water  in  box  increased  from  68°  to  118°,  or  50?. in  5  hours. 

Loss  from  radiation  in  13  hours  22°,  or  l°-69  per  hour,  8°*45  in  5  hours. 

Total  increase  of  temperature  of  water  in  box  58°*45. 

Total  increase  of  temperature  of  water  in  5  hours  58°*45,  or  ll°a69  per  hour. 

Five  gallons  of  water  in  box. 

236*04  revolutions  per  minute. 

The  churning-  box  on  this  trial  was  entirely  covered  with  hair-felt,  and  stood  upon 
four  glass  pillars  2  inches  high.  This  was  placed  in  an  outer  box ;  the  inner  or 
churning- box  being  stayed  with  glass  props  to  prevent  radiation  by  coming  in  contact 
with  the  outer  box,  or  from  moisture  which  might  accumulate  in  bottom  of  same. 

1857-  13 
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J  t&eiroh  Wheel  4riving  churn -spindle  (wood)  waa  also  covered  with  worsted  coed, 
this  acting  as  a  non-conductor  of  heat. 

>;«*'.'         Sbcond  Series  of  Experiments. — July  21, 1857* 
"  Result  of  eighth  dag's  trial  of  11  hour*.  —Apparatus  for  heating  water. 

Temp,  of  water   Temp,  of 
in  box.   atmosphere. 

,     103°    .     .     69 

.    116    .    .    68 

.    126    .    .    69 

.     136    .     .     71 

.     146     .     .    72 

.     152     .     .     74 
12  gallons  of  water  at  starting.    6  gallons  of  water  at  stopping. 
Highest  temperature    ......     178° 

Lowest  temperature 103° 


Time. 

1 

h    m 

6  30  a.m.      .     . 

7  30 

»         * 

8  30 

99 

9  30 

•• 

10  30 

t% 

11  30 

»» 

Time. 

h    m 

2  30  p.m. 

Temp,  of  water  Temp,  of 
ib  box.    atmosphere. 

...     160     .     .     76 

1  30    „ 

2  30    „ 

3  30    „ 

4  30    „ 
6  30    „ 

....     164     ..     76 
...     166    ..    76 
...     172     .     •     77 
....    173    ..    77 
...    178     .     .    80 

75° 


Temp,  of  water 

Temp,  of 

in  box. 

building. 

.     130       . 

.    70    6  30  a.m.  6  gallons  of  water  in  box  at 

.     .     138 

.     70 

a  temperature  of  130?.  Added  4  gal- 

.    .     148 

.     72 

lons  of  water  to  that  in  box ;  tempe- 

.    .     158       . 

.     72 

rature  when  mixed  130°. 

.     .     162 

.    74 

.     .     170 

.     74 

.     .     178 

.    76 

.     .     182 

.    76 

.     .     184       . 

.    77 

.     .     190       . 

.    76 

.     .     190       . 

.    76 

.     .     192 

-    76 

.     .     192 

.    76 

236*67  revolutions  per  minute. 

Second  Srries  of  Experiments. — July  25, 1857. 
Result  of  ninth  dag's  trial  of  11}  hours. — Apparatus  for  heating  water. 
Time, 
h    m 

6  30  a.m. 

7  30  „ 

8  80  M 

9  30  „ 

10  30  „ 

11  30  „ 

12  30  P.M. 

1  30  „ 

2  30  „ 

3  30  „ 

4  30  „ 

5  30  „ 

6  30     „ 
1 1 J  hours  at  work.     232*67  revolutions  per  minute. 
10  gallons  of  water  at  starting.    7*5  gallons  of  water  at  stopping. 

Highest  temperature 192° 

Lowest  temperature 130P 

62° 
Third  Series  of  Experiments.—/*^  16, 1857. 
Result  of  tenth  day**  trial  of  11  hours.— Apparatus  for  heating  water. 

Temp,  of  water 

in  box. 
o 
193  . 
196  . 
200  . 
204  . 
206  . 
209*  . 

.  136° 
.  210° 
.     168° 


Time. 

Temp,  of  water 

h  m 

in  box. 
o 

7  0  A.M. 

.     .     168     . 

8  0     „ 

.     .     172    . 

9  0    „ 

.     .     J80    . 

10  0    „ 

.     .     184     . 

11  0    „ 

.     .     188     . 

12  0     „ 

.     .     190     . 

Temp. 

Time. 

of  shop. 

h  m 

68 

1    0  P.M 

67 

2  0,. 

68 

3  0     „ 

68 

4  0     „ 

68 

5  0     „ 

70 

6  0    „ 

Temperature  of  water  in  box  at  6  30  a.m. 
Added  3  gallons  of  water  at  temperature  of 
Increasing  that  already  in  box  to    .    .    . 


Temp. 

of  shop. 

o 

70 
70 
72 
72 
72 
7« 


*  At  thli  temperature  an  egg  was  put  into  the  water,  and  the  agitation  waa  continued  for 
five  minutes,  when  the  egg  waa  taken  out  and  found  boiled  quite  hard. 
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0^p4>, 


00-5  gallons  of  water  at  starting.    8  gallons  of  water  at  stopplfckj  DIVERSITY 
332*67  revolutions  per  minute  for  lOfhours.  wT  *  Q—  ^       ' 

Increased  during  last  half-hour  to  274*67  revolutions.  Xs.  c\4  r  *M«-t  <\^0 

Highest  temperature 209°  X^iIF0&*^ 

Lowest  temperature 168° 

~41° 
General  Result  of  First  Series  with  50  gallons  or  600  lbs.  water  agitated  at  88*64 

revolution*  per  minute. 
No.  of  Duration  of  Degree,  including 

~  Degree  per  hour. 

2*85  per  hour. 

410 

4'37 

805 

4*48 
4-21 

6722*5? 

nour 37*6  Fahr. 

Loss  by  leakage  10  per  cent. 
General  Result  of  Second  Series  with  10  gallons  or  100  lbs.  qf  water  agitated  at 

236*67  revolutions  per  minute, 
No.  of  Duration  of 


triroei 

its.            Experiments. 

radiation. 

1. 

Increase 

in    9  hours 

0         // 

21     2 

or 

2. 

99 

9    „ 

37     0 

99 

3. 

»» 

8    „ 

35     0 

99 

4. 

99 

11    „ 

33     6 

99 

5. 

99 

13    „ 

58  28 

99 

6. 

99 

11     ,. 

42  11 

>9 

General  av 

erase  increase  r> 

er  hour 

Experiments. 

Experiments. 

Degree,  increase. 

Degree  per  hour. 

1. 

Increase  in  5  hours 

58*45 

or 

11*69  per  hour. 

2. 

n    „ 

75 

99 

6'81 

3. 

M                 H*     99 

62 

99 

5-39 

4. 

11         „ 

41 

99 

372 
4^27*61 

Loss  by  leakage.  Sec.  10  per  cent.  6*90 

Mechanical  Equivalents. 

First  Sertet.— These  were  obtained  by  means  of  Prony's  Friction  Break  applied 
to  a  correctly  turned  pulley  of  cast  iron,  fitted  in  the  upper  part  of  the  vertical 
wooden  spindle  of  the  agitator.  The  friction  bracket  was  carefully  equilibriated  on 
the  pulley  by  means  of  weights,  oil,  and  tallow  until  it  made  the  same  number  of 
revolutions  as  before  \  the  box  having  previously  been  emptied  of  its  water. 

The  following  were  the  results : — 

1st.  That  500  lbs.  of  water  agitated  at  the  rate  of  88*64  revolutions  per  minute 
were  heated  3°*38  per  hour  by  an  expenditure  of  29*000  lbs.  per  minute.  This  is 
equivalent  to  1690  lbs.  raised  one  degree. 

Then  29*000  X  60=1^??=  1030,  equivalent  to  1  lb.  being  heated  1°  in  one  hour. 
1090 

Second  Series. — 7*hal  100  lbs.  of  water  agitated  at  the  rate  of  282*67  revolutions 
per  minute  were  heated  6°*27  per  hour  by  an  expenditure  of  1*8  H.  P.,  or  59*400  X 
60=356*400  lbs.    This  is  equivalent  to  621  lbs.  raised  1°  in  one  hour. 

From  the  preceding  result  it  appears  that  the  mechanical  equivalent  varies  as  the 
quantity  of  water  used  in  the  experiment,  and  the  rate  of  agitation ;  the  larger 
quantity  of  water  agitated  by  88*64  revolutions  giving  an  equivalent  of  1030  lbs., 
and  the  smaller  quantity  giving  only  621  lbs.  when  agitated  232*67  revolutions. 

Mechanical  Structure  of  the  '  Great  Eastern9  Steam  Ship. 
By  John  Scott  Russell,  F.R.S. 
The  author  laid  before  the  Section  some  of  the  mechanical  details  of  the  construc- 
tion of  the  great  ship  now  building  at  his  establishment  at  Millwall.    The  first  point 
related  to  the  peculiarity  of  her  great  size  •  the  second,  on  which  her  merits  or 
demerits  as  a  piece  of  naval  architecture  depended,  was  the  general  structure  or  lines 

IS* 
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of  the  ship ;  the  third  point  would  be  the  distribution  of  materials  in  the  construc- 
tion of  the  ship,  so  as  to  obtain  the  safest  and  strongest  possible  structure  with  the 
minimum  of  materials ;  and  the  last  point  would  be  to  allude  generally  to  me 
mechanical  arrangements  for  her  propulsion.  With  respect  to  size,  it  was  generally 
supposed  that,  as  a  practical  shipbuilder/ he  was  an  advocate  for  big  ships.  The 
contrary,  however,  was  the  fact.  There  were  cases  in  which  big  ships  were  good, 
and  there  were  certain  cases  in  which  big  ships  were  ruinous  to  their  owners.  In 
every  case  the  smallest  ship  that  would  supply  the  convenience  of  trade  was  the  right 
ship  to  build.  He  came  there  as  an  advocate  of  little  ships ;  and  it  was  the  pecu- 
liarity of  the  'Great  Eastern'  that  she  was  the  smallest  ship  capable  of  doing  the  work 
she  was  intended  to  do ;  and  he  believed  that  if  she  answered  the  purpose  for  which 
she  was  designed,  she  would  continue  to  be  the  smallest  ship  possible  for  her  voyage. 
It  was  found  by  experience  that  no  steam-ship  could  be  worked  profitably  which 
was  of  less  size  than  a  ton  to  a  mile  of  the  voyage  she  was  to  perform,  carrying 
her  own  coal.  Thus,  a  ship  intended  to  ply  between  England  and  America  would 
not  pay  permanently  unless  she  were  of  2500  or  3000  tons  burden.  In  like  man- 
ner, if  a  vessel  were  intended  to  go  from  this  country  to  Australia  or  India,  without 
coaling  on  going  out,  but  taking  her  coals  with  her,  she  would  require  to  be  13,000 
tons  burden.  And  turning  to  the  case  before  them,  it  would  be  found  that  the  big 
ship  was  a  little  short  of  the  proper  size.  Her  voyage  to  Australia  and  back  would 
be  25,000  miles ;  her  tonnage,  therefore,  should  be  25,000  tons,  whereas  its  actoal 
amount  was  22,000  tons.  The  idea  of  making  a  ship  large  enough  to  carry  her  own 
coals  for  a  voyage  to  Australia  and  back  again  was  the  idea  of  a  man  famous  for 
large  ideas — Mr.  Brunei.  He  suggested  the  matter  to  him  (Mr.  Russell)  as  a  prac- 
tical shipbuilder,  and  the  result  was  the  monster  vessel  which  he  was  about  to 
describe. 

He  had  peculiar  pleasure  in  laying  a  description  of  the  lines  of  the  ship  before 
the  present  meeting,  because  the  ship,  as  a  naval  structure,  as  far  as  her  lines 
were  concerned,  was  a  child  of  the  British  Association.  It  was  twenty-two  years 
Bince  they  had  the  pleasure  of  meeting  together  in  Dublin.  On  that  occasion  he 
laid  before  the  Mechanical  Section  a  form  of  construction  which  had  since  become 
well  known  as  the  "wave -line."  The  Section  received  the  idea  so  well  that  it  ap- 
pointed a  committee  to  examine  into  the  matter,  with  the  intention,  if  they  found  the 
wave  principle  to  be  the  true  principle,  to  proclaim  it  to  the  world.  The  committee 
pursued  its  investigations,  publishing  the  results  in  the  account  of  their  'Transactions;' 
and  from  that  time  to  the  present  he  had  continued  to  make  large  and  small  vessels 
on  the  wave  principle ;  and  the  diffusion  of  the  knowledge  of  this  system  through 
the  '  Transactions  of  the  British  Association '  had  led  to  its  almost  universal  adop- 
tion. Wherever  they  found  a  steam-vessel  with  a  high  reputation  for  speed,  economy 
of  fuel,  and  good  qualities  at  sea,  he  would  undertake  to  say  that  they  would  find 
that  she  was  constructed  on  the  wave  principle. 

He  would  endeavour  to  explain  what  were  the  principles  of  the  wave-line  as  di- 
stinguished from  the  older-fashioned  modes  of  building,  and  how  they  were  carried 
out  in  the  big  ship.  AH  practical  men  knew  that  the  first  thing  a  shipbuilder  had  to 
think  of  was  what  was  called  the  midship  section  of  the  vessel :  that  was,  the  sec- 
tion which  would  be  made  if  the  vessel  were  cut  through  the  middle,  and  the  spec- 
tator saw  the  cut  portions.  Mr.  Russell  here  pointed  out  a  diagram  of  the  midship 
section  of  the  '  Wave/  a  small  vessel  about  71  tons  burden,  which  was  the  first  ever 
constructed  upon  that  principle.  Now  the  first  thing  to  be  done  in  building  a  steam- 
vessel  was  to  make  a  calculation  of  the  size  of  the  midship  section  in  the  water.  In 
sailing  from  one  place  to  another,  it  was  necessary  to  excavate  a  canal  out  of  the 
water  large  enough  to  allow  the  whole  body  of  the  ship  to  pass  through.  The  pro- 
blem was,  how  to  do  that  most  economically ;  and  this  was  effected  by  making  the 
canal  as  narrow  and  as  shallow  as  possible,  so  that  there  would  be  the  smallest 
quantity  of  water  possible  to  excavate.  Therefore  it  was  that  the  shipbuilder 
endeavoured  to  obtain  as  small  a  midship  section  as  he  could ;  and  that  had  been 
effected  in  the  case  of  the  big  ship,  whose  midship  section  was  small, — not  small 
absolutely,  but  small  in  proportion. 

In  increasing  the  tonnage  of  a  ship,  three  things  had  to  be  considered,  the  paying 
power,  the  propelling  power,  and  the  dimensions.    Mr.  Russell  then  entered  into  a 
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calculation  to  show  that  while  he  doubled  the  money-earning  power  of  a  ship  by 
increasing  its  size,  he  only  increased  its  midship  section  by  50  per  cent.  For  instance, 
a  ship  of  2500  tons  burden  would  have  500  feet  of  excavation  through  the  water  to 
do ;  the  big  ship  had  2000  feet  of  excavation ;  and  the  lineal  dimensions  of  one 
were  to  the  lineal  dimensions  of  the  other  as  1  to  2*1.  The  excavation  to  be  done 
by  die  big  ship  in  relation  to  that  to  be  done  by  the  small  ship  was  as  4  to  1,  but 
the  carrying  power  was  as  10  to  1.  To  propel  the  big  ship  they  had  a  nominal 
H.P.  of  2500,  while  to  propel  the  smaller  vessel  there  was  a  nominal  H.P.  of  500 ; 
so  that  the  big  ship  would  be  worked  quite  as  economically  as  the  small  one. 

Referring  again  to  the  wave-line,  he  would  suppose  that  it  was  given  as  a  problem  to 
any  one  to  design  a  ship  on  the  wave  principle.  The  first  thing  to  be  done  was  to  settle 
the  speed  at  which  the  ship  was  intended  to  go.  If  the  speed  were  fixed  at  10  miles 
an  hour,  a  reference  to  the  table  of  the  wave  principle  would  show  that,  in  order  to 
effect  that  object,  the  length  of  the  ship's  bows  ought  to  be  about  60  feet,  and  that 
of  her  stern  about  40  feet.  If  a  larger  vessel  were  required,  say  a  ship  of  130  feet 
long,  there  would  be  nothing  more  to  do  than  to  put  a  middle  body  of  30  feet  in 
length  between  the  bow  and  the  stern.  Having  then  made  the  width  of  the  ship  in 
accordance  with  the  midship  section  agreed  upon,  it  would  be  necessary  to  draw 
what  was  known  as  the  wave-line  on  both  sides  of  the  bow,  and  the  wave- line  of  the 
second  order  on  both  sides  of  the  stern.  Constructed  in  this  manner,  and  propelled 
by  the  ordinary  amount  of  H.P.,  the  ship  would  sail  precisely  10  miles  an  hour. 
They  could  go  slower  than  10  miles  an  hour  if  necessary,  and  in  doing  so  they  would 
economise  fuel,  in  consequence  of  the  diminished  resistance  of  the  water;  whereas 
there  would  be  a  vastly  increased  resistance  if  an  attempt  were  made  to  drive  the 
steamer  more  than  10  miles  an  hour. 

For  the  speed  at  which  it  was  intended  to  drive  the  '  Great  Eastern/  it  was  found 
that  the  length  of  her  bow  should  be  330  feet,  the  length  of  her  stern  220  feet,  of 
the  middle  body  120  feet,  and  of  the  screw  propeller  10  feet ;  making  in  all  680  feet 
in  length.  The  lines  on  which  she  was  constructed  were  neither  more  nor  less  than 
an  extended  copy  of  the  lines  of  all  the  ships  which  he  had  built  since  he  first  laid 
the  wave  principle  before  the  Association.  It  was  his  pride  that  he  had  not  put  a 
single  experiment  or  novelty  into  the  structure  of  the  vessel,  with  one  or  two  ex- 
ceptions, which  he  had  adopted  on  the  recommendation  of  men  who  had  had  prac- 
tical experience  of  their  efficacy.  The  wave  principle  had  never  in  a  single  instance 
deceived  him  as  to  the  exact  shape  a  vessel  ought  to  have  in  order  to  accomplish  a 
certain  rate  of  speed,  and  he  had  therefore  adopted  it  in  the  construction  of  the  big 
ship. 

He  would  next  refer  to  the  mechanical  construction  of  the  big  ship,  the  arrange- 
ment of  the  iron  of  which  she  was  made,  and  the  object  of  those  arrangements.  It 
was  much  to  be  desired  that  our  mechanical  science  should  make  progress  by  the 
simple  adoption  of  what  was  best,  come  from  where  it  might ;  but  he  was  sorry  to 
say  that  iron  shipbuilding  did  not  grow  in  that  manner.  They  commenced  by  ser- 
vilely imitating  the  construction  of  wooden  ships,  thereby  incurring  a  great  deal  of 
unnecessary  labour  and  expense.  There  was  this  great  difference  between  the 
strength  of  iron  and  of  wood,  that  whilst  the  latter  was  weak  crossways  and  strong 
lengthways,  or  with  the  grain  of  the  timber,  iron  was  almost  equally  strong  either 
way.  This  had  been  clearly  ascertained  by  experiments  made  by  Mr.  Fairbairn  and 
Mr.  E.  Hodgkinson,  at  the  request  of  the  British  Association,  in  whose  '  Transac- 
tions9 the  results  were  published  to  the  world.  The  consequence  was,  that  the  ribs 
or  frames  used  to  strengthen  wooden  ships  were  rendered  unnecessary  in  iron  ship- 
building ;  and  acting  on  this  principle,  the  'Wave'  (in  the  construction  of  which  he 
was  assisted  by  two  Irishmen)  was  built  of  iron  entirely,  with  bulkheads,  and  had 
not  a  frame  in  her  from  one  end  to  the  other.  He  was  ashamed  to  say  he  did 
not  always  practise  what  he  preached.  He  was  compelled  against  his  will,  by  the 
persons  for  whom  he  built,  to  pursue  the  old  system ;  besides  which,  there  were 
laws  of  trade.  Acts  of  Parliament,  and  Lloyd's  rule,  to  which  he  was  obliged  to 
conform.  Thus,  if  he  did  not  put  a  certain  number  of  frames  in  the  ship,  a  black 
mark  would  be  put  upon  her,  and  she  would  not  be  allowed  to  go  to  sea.  But 
whenever  he  was  allowed  to  build  according  to  his  judgment,  he  built  in  what  he 
considered  to  be  the  best  way.    And  he  believed  that  in  what  he  was  now  placing 
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before  the  Section  he  was  toying  the  grounds  of  meeting  the  British  Association  fat 
dty  twenty  years,  and  finding  that  the  mode  of  mechanical  construction  which  be 
proposed  had  been  as  universally  adopted  as  the  wave  principle,  because  of  the  pub- 
lications of  the  British  Association. 

The  author  then  proceeded  to  give  an  elaborate  description  of  the  old  method  of 
constructing  an  iron  ship,  contrasting  it  with  the  improved  style  which  he  pursued 
at  present.  Instead  of  the  mass  of  wooden  rubbish,  which  did  not  strengthen  the 
ship,  and  involved  enormous  expense,  he  placed  inside  the  Iron  shell  as  many  com- 
plete  bulkheads  as  the  owner  permitted  him  to  do,  and  then  constructed  in  the  in- 
termediate spaces  partial  bulkheads,  or  bulkheads  in  the  centre  of  which  holes  had 
been  cut  for  the  purposes  of  stowage.  The  deck  was  strengthened  by  introducing 
pieces  of  angle  iron,  and  other  contrivances ;  and  as  an  iron  ship  when  weak  wis 
not  weak  crossways,  but  lengthways,  he  strengthened  it  in  this  direction  by  means 
of  two  longitudinal  bulkheads ;  and  the  result  was  a  strength  and  solidity  which 
could  not  be  obtained  in  any  other  way.  The  'Great  Eastern' had  all  these  improve, 
ments,  and,  in  addition,  the  cellular  system,  so  successfully  applied  in  the  Britannia 
Bridge,  had  been  introduced  all  round  the  bottom  and  under  the  deck  of  the  ship, 
giving  the  greatest  amount  of  strength  to  resist  crushing;  that  could  be  procured. 
As  he  had  already  observed,  there  was  nothing  new  in  the  ship  but  her  great  size 
and  cellular  construction.    It  was  true  she  would  be  propelled  both  by  screw  and 

Stddles,  but  there  was  no  reason  to  doubt  that  they  would  work  harmoniously, 
e  wished  he  could  tell  them  how  fast  she  would  go,  but  that  was  the  secret 
of  the  owners  of  the  ship. 

On  ike  Importance  of  Regulating  the  Speed  of  Marine  Engines. 
By  T.  Silveb. 


On  the  Formation  of  the  Entrance*  to  Tidal  Basins. 
By  Bindon  B.  Stonet,  M.RJ.A. 

In  the  formation  of  the  entrances  to  tidal  basins,  two  points  have  to  be  considered : 

1.  The  shape  of  the  entrance. 

?.  Its  position. 

In  existing  docks  we  find  some  entrances  constructed  at  right  angles  to  the  rivar, 
others  sloping  upwards  against  the  stream,  and  others  again  sloping  downwards, 
which  latter  form  not  only  tends  to  prevent  deposits,  but  greaUy  facilitates  the  entrance 
and  departure  of  vessels.  Even  though  no  dowuward  current  does  exist  in  the  river, 
that  form  of  entrance  which  slopes  in  the  direction  of  the  vessel's  course  presents 
obvious  advantages,  especially  in  the  case  of  a  narrow  river,  where  it  is  essential  that 
a  ship  should,  both  before  entering  and  after  leaving  the  basin,  be  in  the  line  of  the 
river)  and  at  the  same  time  not  far  from  its  centre,  where  the  channel  is  deep  and  urn- 
obstructed. 

The  usual  position  of  the  entrance  is  at  or  near  the  centre  of  that  aide  of  the  basin 
which  is  parallel  to  the  river.  This  however  is  objectionable,  since,  besides  promoting 
deposit,  it  makes  it  necessary  that  vessels  lying  within  the  basin  be  warped,  at  no 
small  expense  of  time  and  labour,  into  a  suitable  position  for  passing  through. 

The  chief  considerations  to  be  kept  in  view  in  the  construction  of  floating  docks  or 
tidal  basins  are  as  follows  :— 

1.  Facility  of  ingress  and  egress. 

2.  Freedom  from  silting  up. 
To  these  may  be  added,— 

3.  Economy  of  quay  room. 

4.  Facilities  for  the  land  traffic  in  connexion  with  the  dock. 

These  conditions  are,  it  is  believed,  in  a  great  measure  fulfilled  by  the  tern  of  en* 
trance  advocated  by  the  author.  The  general  form  of  the  basin  Is  a  lonenge,  a  trape- 
zium, or  a  rectangle,  whose  width  is  equal  to  the  breadth  of  two  vessels  together,  with 
sufficient  space  between  them  for  another  vessel  to  turn  round  freely :  the  entrance, 
placed  at  the  lower  end,  is  well  sloped  in  the  direction  of  the  ebb  current,  and  has  its 
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obtuse  angles  rounded  off,  so  that  a  ship  or  steamer  can  pass  from  the  river  into  the 
basin,  and  take  up  her  berth  without  warping,  or  any  such  annoyance  and  delay. 

Similarly,  on  leaving,  a  vessel,  when  once  her  head  is  round,  can  pass  out  without 
slacking  speed,  and  therefore  without  risk  of  being  carried  by  the  current  against  the 
pier-heads.  The  diagram  represents  a  succession  of  basins  formed  according  to  the 
proposed  method,  and,  if  desirable,  at  different  periods  to  meet  the  exigencies  of  the 
port,  yet  in  such  a  manner  that  there  is  easy  communication  between  each  quay  and 
the  main  road  leading  into  the  city  or  the  traffic  depdts.  These  quays  are,  from 
the  obtuse  angles  at  which  they  intersect,  well  adapted  for  tramways,  which  may 
branch  off  a  trunk  line  laid  along  the  main  road. 

When  additional  port  accommodation  is  thus  obtained  the  result  cannot  but  be 
beneficial  to  the  river,  since  these  basins  will  act  as  reservoirs,  increasing  the  volume 
of  water  which  passes  through  the  channel,  and  thus  aiding  by  its  source  in  maintain- 
ing the  river  at  its  proper  depth. 


On  Machinery  for  Laying  Submarine  Telegraph  Cables. 
By  Professor  W.  Thomson. 


On  Superheated  Steam.    By  J.  Wetherhead,  United  States. 


APPENDIX. 


On  the  proposed  Ship  Canal  through  the  Isthmus  of  Suez. 
By  Dr.  Hodgkin. 

Although  the  difficulty  at  one  time  supposed  to  exist  in  the  difference  of  level 
between  the  Mediterranean  and  Red  Seas  is  now  no  longer  urged,  there  are  other 
physical  difficulties  which  are  of  at  least  equal  importance.  The  canal  must  not  only 
be  made,  but  must  also  be  maintained  in  a  serviceable  condition.  Now,  it  is  well 
known  that  on  the  Mediterranean  side  the  sea  is  not  only  shallow  and  sandy,  but  that 
its  depth  is  subject  to  constant  variation  from  the  moving  character  of  the  sand-banks. 
It  might  almost  be  presumed,  d  priori,  that  the  same  causes  which  prevent  any  of  the 
mouths  of  the  Nile  from  serving  as  an  available  ingress  or  egress  for  vessels  navigating 
the  Nile,  would  produce  and  maintain  an  effectual  obstacle  to  vessels  passing  in  either 
direction  between  the  Mediterranean  Sea  and  an  artificial  canal.  1  had  an  oppor- 
tunity of  witnessing  a  strong  confirmation  of  this  inference  in  proceeding  from  Alex- 
andria to  Jaffa.  Although  we  kept  out  at  sea  to  the  distance  of  some  miles,  the 
captain  of  the  steam-boat,  which  was  a  much  smaller  vessel  than  would  be  required 
for  Indian  or  Australian  commerce,  thought  it  needful,  in  broad  daylight,  to  be 
frequently  using  the  sounding-line  as  a  security  against  stranding  his  vessel.  The 
force  of  this  objection  is  so  far  admitted  by  the  advocates  of  the  canal  as  to  induce 
them  to  allow  that  it  will  be  necessary  to  construct  piers  advancing  some  miles  into 
the  sea,  and  that  at  their  mouth,  and  in  the  channel  between  them,  it  will  be  requisite 
to  keep  dredging  vessels  constantly  employed  to  preserve  a  practicable  passage. 

It  will,  perhaps,  be  asked  in  what  the  difficulties  consist?  The  general  facts  may  be 
safely  stated  to  be — first,  a  certain  amount  of  elevated  land  to  be  cut  through ;  secondly, 
land  considerably  lower  than  either  sea,  where  very  substantial  embankments  must  be 
thrown  up  to  prevent  the  neighbouring  country  from  being  submerged.  Throughout 
this  tract,  and  probably  along  the  greater  portion  of  the  line,  a  very  careful  and  ex- 
pensive process  of  puddling  will  be  absolutely  necessary  to  enable  the  canal  to  hold 
water. 
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taining to  the  measurement  of  ships 
for  tonnage,  86;  report  on  the  sta- 
tistics of  life-boats  and  fishing-bosk 
on  the  coasts  of  the  United  Kingdom, 
308. 

Henslow  (Professor),  sixteenth  and  fiatl 
report  on  the  growth  and  vitality  of 
seeds,  43. 

Hodges  (Dr.)  on  flax,  126. 

Hull,  second  report  on  steam-navigation 
at,  57. 

Hyndman  (George  C),  report  of  the  pro- 
ceedings of  the  Belfast  Dredging  Com- 
mittee, 220. 

Light,  experiments  on,  151. 

Lindley  (Professor),  sixteenth  and  final 
report  on  the  growth  and  vitality  of 
seeds,  43. 

Liverpool,  report  on  the  animal  and  vege- 
table products  imported  into,  from 
1851-55,  254. 

Lowe  (£.  J.)i  meteors  observed  by,  138. 

Lunar  influence  on  temperature,  on,  248. 

Macgregor  (John),  report  on  the  mea- 
surement of  ships  for  tonnage,  62. 

Magnetic  survey  of  Great  Britain,  on 
the,  130. 

Mean  values,  on  the  principle  of,  188. 

Meteoric  irons,  description  of  five  new, 
149. 

Meteorite,  notice  of  a,  which  fell  at  Ciren- 
cester, 140. 

Meteorites,  on,  149. 

Meteors  ;-*-luminous,  131 ;  list  of,  com- 
municated by  various  observers,  134 ; 
by  £.  J.  Lowe,  138 ;  on  a  remarkable, 
seen  at  Southampton,  Brighton,  Seven- 
oaks,  and  Blackheath,  in  January  1 856, 
141,  142;  on  the  horary  variation  of, 
143 ;  on  the  colours  of  luminous,  144 ; 
on  extraordinary  coloured,  153. 

Miller  (Dr.)  on  electro-chemistry,  158. 

Mines,  on  the  temperature  of  some  deep, 
in  Cornwall,  96. 

Molluscs  of  Belfast  Bay,  221. 

Moorsom  (Admiral),  report  on  the  mea- 
surement of  ships  for  tonnage,  62. 
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Napier  (J.  R.),  report  on  the  measure- 
ment of  ships  for  tonnage,  62. 

Oldham  (James),  second  report  on  steam 
navigation  at  Hull,  57. 

Owen  (Capt.  J.  O.),  report  on  the  mea- 
surement of  ships  for  tonnage,  62. 

Paris,  colours  of  shooting  stars  and  globes 
observed  at,  from  1841^13,  147. 

Perry  (James),  report  on  the  measure- 
ment of  ships  for  tonnage,  62. 

Plarr  (Dr.  Gustaf)  on  some  transforma- 
tions of  a  series  of  factorial  exponen- 
tials, 101. 

Poey  (M.  A.)  on  the  colours  of  luminous 
meteors,  144. 

Point  Barrow,  thermometries!  observa- 
tions made  at,  in  1852-54,  159. 

Powell  (Rev.  Prof.),  tenth  report  on  ob- 
servations of  luminous  meteors,  1866- 
57,  131. 

Railway  trains,  on  the  adaptation  of  sus- 
pension bridges  to  sustain  the  passage 
of,  154. 

Russell  (John  Scott),  report  on  the  mea- 
surement of  ships  for  tonnage,  62. 

Sabine  (Maj.-Gen.),  report  of  the  com- 
mittee on  the  magnetic  survey  of  Great 
Britain,  130. 

Seeds,  on  the  growth  and  vitality  of,  43. 

Sevenoaks,  remarkable  meteor  seen  at, 
in  January  1856,  142. 

Shell*,  list  of,  from  the  Turbot  Bank,  230; 
dredged  off  the  Maidens  Light-houses, 
234. 

Ships,  on  the  measurement  of,  for  ton- 
nage, 62. 

Shooting  star,  on  an  ascending,  152. 

Shooting  stars  and  globes  observed  in 
China,  colours  of,  145;  in  England, 
ib. ;  at  Paris,  147. 

Simpson  (John)  on  thermometries!  ob- 
servations made  at  the  'Plover's' 
wintering-place,  Point  Barrow,  in 
1863-54,  159. 


Smith  (Dr.  J.  Lawrance),  a  memoir  on 
meteorites ;  and  description  of  five  new 
meteoric  irons,  &c,  149. 

Smyth  (Prof.  C.  P.),  notice  of  an  ascend- 
ing shooting  star,  152. 

Southampton,  a  remarkable  meteor  seen 
at,  in  January  1856,  140. 

SpongiadflB,  on  the  vitality  of  the,  121. 

Steam  navigation  at  Hull,  second  report 
on,  57. 

Steam  transport  economy,  on  mercantile, 
113. 

Btrangford  Lough,  on  the  marine  zoology 
of,  104. 

Telescope  and  equatorial  mountings,  on 
the  improvement  of,  195. 

Temperature,  evidences  of  lunar  in- 
fluence on,  248. 

Thermometrical  observations  at  Point 
Barrow,  in  1852-54,  159. 

Thomson  (Prof.  Wyville)  on  soophytes 
received  from  the  North  of  Ireland, 
235. 

Tubes,  on  the  resistance  of,  to  collapse, 
216. 

Turbot  Bank,  list  of  shells  from  the,  230. 

Vegetable  products  imported  into  Liver- 
pool from  1851-55,  254. 

Vignoles  (C.)  on  the  adaptation  of  sus- 
pension bridges  to  sustain  the  passage 
of  railway  trains,  154. 

Woodcroft  (Prof.  Bennettf ,  report  on  the 
measurement  of  ships  for  tonnage,  62. 

Woolley  (Rev.  Dr.),  report  on  the  mea- 
surement of  ships  for  tonnage,  62. 

Yates  (James),  report  on  the  measure- 
ment of  ships  for  tonnage,  62. 

Zoology,  marine,  of  Strangford  Lough, 

104. 
Zoophytes  received  from  the  North  of 

Ireland,  235. 
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MISCELLANEOUS  COMMUNICATIONS  TO  THE 
SECTIONS. 


ACCADIAN  language,  on  the  relation 
between  the,  and  the  Indo-European, 
Semitic,  and  Egyptian  languages,  134. 

Acids  and  bases,  on  the  heat  of  combi- 
nation of,  44. 

Acids  of  the  series  CnHB04,  on  the  pre- 
sence of  several,  among  the  products 

.  of  the  distillation  of  peat,  58. 

Acoustic  phenomenon,  on  a  singular,  22. 

Africa,  Southern,  on  discoveries  in,  146. 

Agricultural  and  manufacturing  industry, 
on,  162. 

Alabama,  on  Prof.  Tuomey's  geological 
map  of,  78. 

Albumen,  on  the  physiological  relations 
of,  1 10. 

Albuminized  collodion  plates,  on  the  pre- 
servation of,  61. 

Alcohol,  on  the  specific  gravity  of  chlo- 
ride of  nitrogen,  with  some  remarks 
upon  its  action  on,  47. 

Algse,  amount  of  nitrogen  in  the,  44. 

Alison  (Dr.)  on  certain  a  priori  prin- 
ciples of  biology,  109. 

Alum,  on  the  effects  of,  in  panification,55. 

Aluminium,  on  the  atomic  weight  of,  53 ; 
ammonio-iodide  of,  55. 

Amazon,  on  routes  from  Lima  to  the 
navigable  branches  of  the,  145. 

America,  on  equitable  villages  in,  170. 

Ammonia,  on  some  arseniates  of,  47. 

Ammonio-iodide  of  metals,  on  a  new 
method  of  forming,  55. 

Anderson's  (James)  report  of  a  searching 
party  down  the  Great  Fish  River  in 
quest  of  the  crews  of  the '  Erebus'  and 
'Terror' in  1855,  148. 

Andrews  (Prof.  T.)  on  ozone,  44 ;  on  the 
heat  of  combination  of  acids  and  bases. 
ib. 


Andrews  (William)  on  the 

of  Ireland,  with  reference  to  their  in- 
vestigation practically  and 
cally,  101. 

Angles,  on  infinite,  3 ;   a 

that  the  three  angles  of  every  triangle 
are  equal  to  two  right,  4. 

Animals,  on  the  presence  of  copper  in  the 
tissues  of,  55 ;  on  the  dispersion  of 
domestic,  in  connexion  with  the  pri- 
mary ethnological  divisions  of  the 
human  race,  105;  on  the  alternation  of 
generationsand'parthenogenesisui.llS. 

Annuities,  on  deferred,  172. 

Apatite,  on  the  composition  of,  59- 

Apjohn  (Dr.)  on  some  compounds  of 
cyanogen,  44;  on  the  amount  of 
nitrogen  in  the  Algae,  ib. 

Aquaria,  on  a  method  of  applying  the 
compound  microscope  to  the  sides  or 
top  of,  106. 

Arctic  searching  expedition,  on  die  final, 
146. 

Astronomical  observations,  on  thetheorr 
of,  2. 

Astronomy,  23. 

Atlantic  cable,  on  diminishing  the  strain 
on  the,  by  an  elastic  regulator,  180. 

Atmosphere,  on  the  vertical  currents  of 
the,  30. 

Atmospheric  circulation,  on  the  grand 
currents  of,  38. 

Atmospheric  vicissitudes  and  epidemicdts- 
eases,  on  the  connexion  between,  115. 

Attractions,  theory  of,  on  some  general 
propositions  connected  with  the,  3. 

Aurora  at  Point  Barrow,  on  the,  14. 

Australia,  on  the  present  condition  of  the 
natives  of,  154  ;  on  the  effects  of  the 
gold  of,  160, 
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Australian  crania,  on,  126. 

Avebury  Hills,  on  the  finding  of  Cnicus 

tuberosus  at,  95. 
Azof,  on  the  sea  of,  148. 

Baal  bee,  on  the  supposed  biblical  names 

of,  143. 
Baalgad,  on  the  position  of,  143. 
Baity  (W.  H.)  on  carboniferous  limestone 
fossils  from  the  county  of  Limerick, 
collected  by  the  Geological  Survey,  62 ; 
on  a  new  fossil  fern  from  the  coal- 
measures  near  Glin,  Co.  Limerick,  63. 
Ballymacadam,  on  the  tertiary  clay  and 

lignite  of,  94. 
Bar,  on  competition  at  the,  163. 
Barbary  coast,  notes  from  the,  with  fos- 
sils, 67. 
Barnes  (Dr.   R.)  on  the  condition  of 
Thames  water,  as  affected  by  London 
sewage,  44. 
Barth  (Dr.  Henry)  on  the  anomalous 
period  of  the  rising  of  the  Niger,  118. 
Barton  (James),  model  of  the  Boyne  via- 
duct, with  description  of  it,  and  the 
principles  of  its  construction,  178. 
Bases,  on  the  heat  of  combination  of 

acids  and,  44. 
Basins,  tidal,  on  the  formation  of  the  en- 
trances to,  198. 
Bath,  on  the  oriental,  1 10. 
Beamish  (Richard),  the  human  hand  an 

index  of  mental  development,  118. 
Bean,  sacred,  of  India,  96. 
Beattie  (J.  S.)  on  electro-magnetic  en- 
gines, 1 78 ;  on  coal- burning  engines,  ib. 
Beddoe  (Dr.  John)  on  the  physical  cha- 
racters of  the  ancient  and    modern 
Germans,  118. 
Btanconi  (C.)  on  his  car  establishment 

in  Ireland,  155. 
Biology,  on  certain  a  priori  principles  of, 

109. 
Birchall  (E.)  on  a  list  of  additions  to 

Irish  Lepidoptera,  101. 
Birmingham  (J.)  on  the  drift  of  West 
Galway  and  the  eastern  part  of  Mayo, 
64. 
Blakeley  (Capt.),  a  mathematical  investi- 
gation of  the  proportion  between  the 
length  required  for  an  electric  telegraph 
cable  and  its  specific  gravity,  11  ;  on 
improvements  in  ordnance,  179. 
Blood- corpuscles,  on  certain  pathological 

characters  of  the,  113. 
Boflaert  (W.),  ethnological  and  antiqua- 
rian researches  in  New  Granada,  Quito, 
and  Peru,  121. 
Boole  (Prof.)  on  the  theory  of  astrono- 
mical observations,  and  on  some  related 


questions,  2 ;  on  certain  additions  to 
the  integral  calculus,  i&. 

Botany,  95. 

Boyne  viaduct,  on  the,  178. 

Brakenridge  (John)  on  the  working  and 
ventilation  of  coal  mines,  180. 

Bray  Head  and  Howth,  on  the  zoological 
relations  of  the  Cambrian  rocks  of,  76. 

Brehon  laws,  on  the  transcription  and 
translation  of  the,  131. 

Brewster  (Sir  David)  on  the  centring  of 
the  lenses  of  the  compound  object- 
glasses  of  microscopes,  4. 

British  Association,  on  the  money  grants 
of  the,  167. 

British  Isles,  on  the  distribution  of  heat 
over  the  surface  of  the,  30;  on  the 
cause  of  the  mild  winter  temperature 
of  the,  144. 

British  plants,  on  some  variations  of,  96. 

Brooke  (C.)  on  diminishing  the  strain  on 
the  Atlantic  cable  by  an  elastic  regu- 
lator, 180. 

Browne  (S.)  on  the  proportion  of  mar- 
riages at  different  ages  of  the  sexes,  156. 

Buchan  (P.)  on  the  composition  of  the 
iron  ores  of  the  Leitrim  coal-field,  44. 

Buckman  (Prof.  J.)  on  the  finding  of 
Cnicus  tuberosus  at  Avebury  Hills,  95. 

Bnist  (Dr.)  on  the  Lotus  or  sacred  bean 
of  India,  96. 

Cable,  on  diminishing  the  strain  on  the 
Atlantic,  by  an  elastic  regulator,  180 ; 
on  the  effect  of  the  resistance  of  water 
to  an  extended,  ib ;  on  the  submarine 
electric  telegraph,  189 ;  on  machinery 
for  laying  the  submarine  telegraph, 
189,  199. 

Caecidse,  on  peculiarities  of  growth  in,  102. 

Cairnes  (Professor)  on  some  of  the  prin- 
cipal effects  of  the  new  gold,  as  an  in- 
strument of  purchase,  in  the  produc- 
tion and  distribution  of  real  wealth, 
156. 

Calculus,  on  certain  additions  to  the  in- 
tegral, 2  ;  on  the  icosian,  13. 

Caldbeck  fells,  on  the  geology  of,  67- 

California,  on  the  effects  of  the  gold  of, 
160. 

Cailan  (Rev.  Prof.)  on  the  electro-dyna- 
mic induction  machine,  11. 

Cambrian  rocks  of  Bray  Head  and  Howth, 
on  the  zoological  relations  of  the,  75. 

Cameron(Dr.CharlesA.)  onureaasadirect 
source  of  nitrogen  to  vegetation,  44. 

Canterbury,  New  Zealand,  census  of  the 
province  of,  167. 

Car  establishment  of  Mr.  Bianconi  in 
Ireland,  on  the,  155. 
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Carboniferous  limestone  fossils  from  the 
county  of  Limerick,  on,  62. 

Carboniferous  series  of  Ireland,  on  the 
relations  of  the  rocks  at  or  below  the 
base  of  the,  66. 

Carlile  (Dr.  H.)  on  the  functions  of  the 
human  ear,  116. 

Carpenter  (Philip  P.)  on  peculiarities  of 
growth  in  Csecidae,  102. 

Celtic  races,  on  the  source  and  origin  of 
the,  146. 

Chadwick  (£.)  on  the  economical,  edu- 
cational and  social  importance  of  open 
and  public  competitive  examinations, 
158 ;  on  the  dependence  of  moral  and 
criminal  on  physical  conditions  of 
populations,  ib. 

Chalk,  white,  of  the  S.E.  of  England,  on 
the  occurrence  of  a  boulder  of  granite 
in  the,  62;  on  the  forms  of  Diatomaces? 
found  in,  97. 

Chemical  notes,  47- 

Chemistry,  44. 

Chesney  (Major-Gen.)  on  the  routes  of 
communication  between  England  and 
India,  123. 

China,  on,  129. 

Chloroform,  on  a  new  method  of  ad* 
ministering,  51 ;  on  an  instrument  for 
the  local  application  of,  115. 

Clarke  (Dr.)  on  certain  alterations  of 
level  on  the  sea  coast  of  part  of  the 
county  of  Waterford,  and  the  cause 
thereof,  65. 

Clay  (H.)  on  the  effect  of  good  and  bad 
times  on  committals  to  prison,  158. 

Cleavage,  slaty,  on,  92. 

Cloacae,  on  the  purification  of  large  towns 
by  means  of  dry,  52. 

Clocks,  on  controlling  the  movements  of 
ordinary,  by  galvanic  currents,  13. 

Clyde,  on  the  advantages  arising  from 
the  improvement  of  tidal  rivers,  as  ex- 
emplified by  the  state  of  the,  167. 

Cnicus  tuberosus  at  Avebury  Hills,  95. 

Coals,  on  some  modified  results  attend- 
ing the  decomposition  of  bituminous, 
by  heat,  50. 

Coal-burning  engines,  on,  178. 

Coal-field,  on  the  composition  of  the  iron 
ores  of  the  Lei  trim,  44. 

Coal-measures  near  Glin,  on  a  new  fossil 
fern  from  the,  63. 

Coal-mines,  on  the  working  and  ventila- 
tion of,  180. 

Cobalt,  ammonio-iodide  of,  55. 

Cocoon,  on  machinery  for  spinning  silk 
from  the,  189- 

Coils,  on  Mr.  Whitehouse  s  relay  and 
induction,  in  action  on  short  circuit,  2 1  • 


Coinage,  on  the  use  of  prime  number*  is 
English,  174. 

Collodion  plates,  on  the  preservation  of 
albuminized,  61. 

Comatula  rosacea,  on  the  reproductive 
zooids  of,  108. 

Comets,  on  the  distribution  of  the  orbits 
of  the,  in  space,  23. 

Competitive  examinations,  on  the  econo- 
mical, educational  and  social  import- 
.  ance  of  open  and  public,  158. 

Confectionary,  on  coloured,  55. 

Continent,  on  the  progress  of  free  trade 
on  the,  163, 164. 

Copper,  on  the  presence  of,  in  the  tissses 
of  plants  and  animals,  55. 

Corbett  (Professor  J.  H.)  on  Australian 
crania,  126. 

Cork,  on  the  jointing  and  dohnnitixation 
of  the  lower  carboniferous  limestone  is 
the  neighbourhood  of,  68. 

Couch  (R.  Q.)  on  the  embryo  state  of 
Palinurus  vulgaris,  102. 

Crania,  on  Australian,  126. 

Cranium  of  osseous  fishes,  and  its  verte- 
brate and  articulate  homologies,  104. 

Crawfurd  (J.)  on  the  effects  of  the  gold 
of  Australia  and  California,  160. 

Crime,  on  the  prevention  of,  162. 

Criminal  statistics,  on,  168,  171. 

Cull  (Richard)  on  the  character,  extent, 
and  ethnological  value  of  the  Indo- 
European  element  in  the  language  of 
Finland,  127  i  letter  to,  on  the  present 
condition  of  the  natives  of  Australia, 
154. 

Cumberland,  on  the  lower  sedimentary 
rocks  of,  67. 

Curtis  (Prof.)  on  a  system  of  geodetic* 
and  the  conjugate  system,  9. 

Cyanogen,  on  some  compounds  o&  44. 

D'Abbadie  (Antoine)  on  the  ethnological 
and  physical  characters  of  the  negro 
variety  of  mankind,  117* 

Danson  (J.  T.)  on  the  ages  of  the  popu- 
lation in  Liverpool  and  Manchester, 
158. 

Daubeny  (Dr.)  on  a  method  of  refining 
sugar,  45 ;  on  the  conversion  of  paper 
into  parchment,  45. 

Davis  (Sir  John  F.,  Bart)  on  China,  in 
more  immediate  reference  to  pending 
operations  in  that  quarter,  129, 

Decimal  scale,  on  the  application  of  a,  to 
the  construction  of  maps,  145, 172. 

Decomposition,  on  the  time  required  by 
compounds  for,  61. 

Development,  on  the  influence  of  inade- 
quate or  perverted!  in  the  production 
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of  insanity,  disease,  want  and  crime, 
164. 

Diatomacess  found  in  chalk,  on  the  forms 
of,  97 ;  on  the  siliceous  cells  formed  in 
the  frustules  of,  101. 

Dingle  district,  on  the  fossils  of  the,  89. 

Dingle  promontory,  on  the  geological 
structure  of  the,  70. 

Diseases,  on  the  mortality  from  certain, 
110. 

Dodds  (J.  W.)  on  improvements  in  iron 
and  steel,  and  their  application  to  rail- 
way and  other  purposes,  180. 

Donovan  (M.)  on  a  singular  acoustic 
phenomenon,  22 ;  on  a  moveable  hori- 
zontal sun-dial,  which  shows  correct 
solar  time  within  a  fraction  of  a  mi- 
nute, 24 ;  on  hygrometers  and  hygro- 
metry,  with  a  description  of  a  new 
modification  of  the  condenser  hygro- 
meter and  hygroscope,  45. 

Dowden  (R.)  on  a  more  complete  com- 
pilation of  the  facts  illustrating  the 
physiology  of  vegetable  and  animal 
secretions,  110;  on  a  cash  land-trade 
for  Ireland,  retail  and  wholesale,  160. 

Dredging  in  Weymouth  Bay,  on,  108. 

Drift,  on  the,  of  West  Galway,  and  the 
Eastern  parts  of  Mayo,  64 ;  on  a  fossil 
of  the  Severn,  93. 

Drnmmond  (J.),  outline  of  a  theory  of 
the  structure  and  magnetic  phenomena 
of  the  globe,  22. 

Drunkenness,  on  the  necessity  of  prompt 
measures  for  the  suppression  of,  161. 

Dublin  (Archbishop  of),  introductory 
address  to  the  Statistical  Section,  154. 

Du  Noyer  (M.)  on  the  geology  of  Lam- 
bay  Island,  75  ;  on  the  junction  of  the 
mica  slates  and  granite,  Kiliiney  Hill, 
Dublin,  84. 

Dupre  (Dr.  A.)  on  the  presence  of  copper 
in  the  tissues  of  plants  and  animals,  55. 

Dor  of  Ptolemy,  identification  of  the 
river,  with  the  Kenmare  river,  132. 

Durness,  on  the  fossils  from,  83. 

Ear,  on  the  functions  of  the  human,  116. 

Earth's  surface,  on  the  direction  of  gra- 
vity at  the,  24  ;  on  electric  currents  in 
the,  48. 

Education  in  Ireland,  on  the  rise,  pro- 
gress and  present  prospects  of  popular, 
163. 

Electrical  phenomena,  on  certain,  in  the 
United  States,  32. 

Electric  current,  on  the  variations  of  in- 
tensity undergone  by  the,  when  it  pro- 
duces mechanical  work,  16;  in  die 
earth's  surface,  48.  | 


Electric  fishes,  116  ;  on  the  employ- 
ment of  the,  as  medical  shock  machines, 
115. 

Electricity,  11;  on  the  correlation  of 
dynamic,  and  the  other  physical  forces, 

Electro-dynamic  induction  machine,  on 
the,  11. 

Electro- magnetic  engines,  178. 

Electrotype  processes,  on  three  new. 
54. 

Ellipsoid,  on  the  surface  of  centres  of 
an,  4. 

Engines,  electro-magnetic,  178 ;  on  coal- 
burning,  t'6. ;  on  the  importance  of  re- 
gulating the  speed  of  marine,  198. 

England  and  India,  on  the  routes  of  com- 
munication between,  123. 

Epidemic  diseases,  on  the  connexion  be- 
tween atmospheric  vicissitudes  and* 
115. 

Equatoreal  instruments,  on  improvements 
in  the  optical  details  of,  8. 

'  Erebus'  and '  Terror/  report  of  a  search- 
ing party  down  the  Great  Fish  River 
in  quest  of  the  crews  of  the,  in  1855, 
148. 

Ethnology,  11 7. 

Euclid's  "  Reductio  ad  absurdum,*'  on  the 
origin  and  elimination  of,  3. 

Eurypterus,  new  species  of,  from  the  old 
red  sandstone  of  Herefordshire,  93. 

Faye  (Dr.  M.)  on  the  action  of  some 
animal  poisons,  110. 

Fern,  on  a  new  fossil,  from  the  coal- 
measures  near  Glin,  63. 

Fertilizers,  on  the  choice  of  perennial 
rather  than  annual,  54, 

Finland,  on  the  character,  extent,  and 
ethnological  value  of  the  Indo-Euro- 
pean element  in  the  language  of, 
127. 

Fishes,  on  the  cranium  of  osseous,  104  j 
electric,  115;  employment  of  electric, 
as  medical  shock  machines,  ib, 

FitzRoy  (Rear-Admiral)  on  meteorolo- 
gical observations  made  at  sea,  28  j 
on  the  probable  migrations  and  varia- 
tions of  the  earlier  families  of  the 
human  race,  130. 

Fluids,  on  the  solidification  of,  by  pres- 
sure, 25. 

Fluorine,  on  the  processes  for  the  detec- 
tion of,  61. 

Flustrella  hispida,  on,  106. 

Foot  (F.  J.)  on  the  geology  of  the  neigh* 
bourhood  of  Tralee,  65, 

Formula?,  on  the  interpretation  of  certain 
symbolic,  3. 
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Forth,  on  the  inhabitants  and  dialect  of 
the  Barony  of,  149* 

Fortresses,  on  the  remains  of  early  stone- 
built,  in  the  county  of  Kerry,  148. 

Fossils,  on  carboniferous  limestone,  from 
the  county  of  Limerick,  62 ;  from  the 
Barbary  coast,  67  ;  from  Durness,  83 ; 
of  the  Dingledistricts,  89;  of  the  Severn 
drift,  93. 

Foster  (G.  C.)  on  a  more  systematic  no- 
menclature for  organic  bodies,  45. 

Foucault  (M.  Leon)  on  a  new  polarizer, 
resulting  from  a  modification  of  the 
prism  of  Nicol,  6 ;  on  a  telescope  spe- 
culum of  silvered  glass,  6. 

Free-trade,  on  the  progress  of,  on  the 
continent,  163,  164. 

Frith  (6.  H.)  on  macadamized  roads, 
180. 

Froth,  on,  48. 

Fruit-bearing  tree,  on  the  remarkable  re- 
sult of  an  experiment  upon  a,  100. 

Fulbrook  (C.)  on  the  variation  in  the 
quantity  of  rain  due  to  the  moon's 
position  in  reference  to  the  plane  of 
the  earth's  orbit,  29- 

Fusus  antiquus,  on  a  curious  monstro- 
sity of  form  in  the,  104. 

Gages  (Alphonse)  on  some  arseniates  of 
ammonia,  47 ;  on  the  specific  gravity 
of  chloride  of  nitrogen,  with  some 
remarks  upon  its  action  on  alcohol, 
ft. 

Gairdner  (Dr.)  on  the  mortality  from 
certain  diseases,  1 10 ;  on  the  action  of 
the  auriculo-ventricular  valves  of  the 
heart,  %b. 

Galathea,  new  species  of,  104. 

Galty  mountains,  on  the  geology  of  the, 
93. 

Galvanic  currents,  on  controlling  the 
movements  of  ordinary  clocks  by,  13. 

Galway,  on  the  drift  of  West,  64. 

Gardening,  cottage,  166. 

Gaul,  ancient,  on  an  inscription  in  the 
language  of,  154. 

Geodetics  and  the  conjugate  system,  on- 
a  system  of,  2. 

Geographical  longitude,  on  the  relative 
accuracy  of  the  different  methods  of 
determining  the,  25. 

Geography,  117. 

Geological  epochs,  on  the  existence  of 
forces  capable  of  changing  the  sea-level 
during  different,  69. 

Geological  map  of  Ireland,  description 
of  the  one-inch,  75. 

Geological  structure  of  the  Dingle  pro- 
montory, Co.  Kerry,  on  the,  70. 


Geological  survey  of  India,  on  the  di- 
stricts already  visited  by  the,  85. 

Geology,  62;  of  the  neighbourhood  of 
Tralee,  65  ;  of  Caldbeck  fells,  and  the 
lower  sedimentary  rocks  of  Cumber- 
land, 67 ;  of  Lambay  islands,  75. 

Germans,  on  the  physical  character  of 
the  ancient  and  modern,  118. 

Gilbert  (Dr.)  on  the  assimilation  of 
nitrogen  by  plants,  51. 

Gladstone  (J.  H.)  on  the  colour  of  salts 
in  solution,  each  constituent  of  which 
is  coloured,  8  ;  on  the  effects  of  heat 
on  the  colour  of  dissolved  salts,  si.; 
chemical  notes,  48  ;  on  the  use  of  the 
prism  in  detecting  impurities,  ft. ;  on 
the  decomposition  by  heat  of  certain 
ammoniacal  salts,  ib. 

Glass,  on  a*  telescope  speculum  of  sil- 
vered, 6. 

Globe,  outline  of  a  theory  of  the  struc- 
ture and  magnetic  phenomena  of  the, 
22. 

Glycerine,  on  preserving  the  vaccine  virus 
in,  115. 

Godwin-Austen  (Robert)  on  the  occur- 
rence of  a  boulder  of  granite  in  the 
white  chalk  of  the  south-east  of  En- 
gland, 62. 

Gold,  ammonio-iodide  of,  55 ;  on  some 
of  the  principal  effects  of  the  new,  as 
an  instrument  of  purchase,  on  the  pro- 
duction and  distribution  of  real  wealth, 
156;  on  the  effects  of  the,  of  Australia 
and  California,  160;  on  some  of  the 
economical  questions  connected  with 
the  effect  of  the  new,  in  diminishing 
the  difficulties  of  the  last  few  years,  166. 

Granite,  on  a  boulder  of,  in  the  white 
chalk  of  the  south-east  of  England,  62; 
on  the  junction  of  the  mica-slates  and, 
of  Killioey  Hill,  Dublin,  84. 

Grattan  (John)  on  some  skulls  discovered 
in  an  ancient  sepulchral  mound  near 
Mount  Wilson  in  King's  County,  Ire- 
land, 131. 

Graves  (Rev.  Prof.)  on  the  interpretation 
of  certain  symbolic'  formulae  and  ex- 
tensions of  Taylor's  theorem,  3  ;  on 
the  progress  already  made  in  the  trans- 
cription and  translation  of  the  ancient 
laws  of  Ireland,  called  the  Brehon  laws, 
131  ;  on  the  identification  of  the  river 
Dur  of  Ptolemy  with  the  Kenmare 
river,  132. 

Gray  (Dr.)  on  a  new  railway  signal,  185. 

'  Great  Eastern'  steamer,  magnetic  ex- 
periments made  on  board  the,  22; 
mechanical  structure  of  the,  195. 

Greene  (Joseph  R.)  on  British  naked- 
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eyed  Medusa?,  with  notices  of  seven 
undescribed  forms,  103. 

Greenisland,  on  converging  rays  seen  at, 
35. 

Griffith  (Sir  Richard,  Bart.)  on  the  re- 
lations of  the  rocks  at  or  below  the 
base  of  the  carboniferous  series  of  Ire- 
land, 66, 

Grove's  battery,  description  of  an  ar- 
rangement of,  20. 

Grnbb  (Thomas)  on  improvements  in  the 
optical  details  of  reflecting  telescopes 
and  equatoreal  instruments,  8. 

Golf-stream,  influence  of  the,  on  the  cli- 
mate of  Ireland,  132. 

y  Virginia  for  the  epoch  1857,  on  the  re- 
sults of  measurements  of,  32. 

Hahershon  (G.  F.),  notes  from  the  Bar- 
bary  coast,  with  fossils,  67. 

Hamilton  (Archibald  H.)  on  electric  cur- 
rents in  the  earth's  surface,  48. 

Hamilton  (Sir  W.  R.)  on  the  icosian 
calculus,  3. 

Hand,  the  human,  an  index  of  mental 
development,  118. 

Hardy  (Dr.)  on  his  instrument  for  the 
local  application  of  chloroform,  115. 

Hargrave  (Mr.  Commissioner)  on  infinite 
angles,  and  on  the  principle  of  mean 
values,  3. 

Harkness  (Professor)  on  the  geology  of 
Caldbeck  fells,  and  the  lower  sedi- 
mentary rocks  of  Cumberland,  67 ;  on 
the  records  of  a  triassic  shore,  68  ;  on 
the  jointing  and  dolomitization  of  the 
lower  carboniferous  limestone  in  the 
neighbourhood  of  Cork,  ib. 

Hart  (A.  S.)  on  the  effect  of  the  resist- 
ance of  water  to  an  extended  cable,  180. 

Hartnup  (John)  on  controlling  the  move- 
ments of  ordinary  clocks  by  galvanic 
currents,  13. 

Haughton  (Dr.  Edward)  on  the  Oriental 
bath,  110. 

Haughton  (James)  on  the  necessity  of 
prompt  measures  for  the  suppression 
of  intemperance  and  drunkenness, 
161. 

Haughton  (Rev.  Prof.)  on  a  model  illus- 
trative of  slaty  cleavage,  69 ;  on  fossil 
stems  allied  to  Stigmaria,  recently  ob- 
tained from  the  upper  beds  of  the  old 
red  sandstone  of  Hook  Point,  Co. 
Wexford,  ib. 

Hayden  (Dr.)  on  the  physiological  rela- 
tions of  albumen,  1 10. 

Hayes  (Dr.  A.  A.)  on  some  modified  re- 
sults attending  the  decomposition  of 
bituminous  coals  by  heat,  50. 
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Hayes  (J.  J.)  on  the  mode  of  rendering 
peat  economically  available  as  a  fuel, 
and  as  a  source  of  illuminating  gas, 
181. 

Heart,  on  the  action  of  the  auriculo-ven- 
tricular  valves  of  the,  110. 

Heat,  on  the  distribution  of,  over  the  sur- 
face of  the  British  Isles,  30 ;  on  the 
conductivity  of  various  substances  for, 
70 ;  on  the  quantity  of,  developed  by 
water  when  rapidly  agitated,  190. 

Hennessy  (Professor)  on  the  direction  of 
gravity  at  the  earth's  surface,  24  ;  on 
the  solidification  of  fluids  by  pressure, 
25  ;  on  simultaneous  isothermal  lines, 
29;  on  the  vertical  currents  of  the 
atmosphere,  30 ;  on  the  distribution  of 
heat  over  the  surface  of  the  British 
Isles,  ib. ;  on  the  existence  of  forces 
capable  of  changing  the  sea-level  during 
different  geological  epochs,  69;  on  the 
influence  of  the  Gulf- stream  on  the 
climate  of  Ireland,  132. 

Hennessy  (John  Pope)  on  the  origin  and 
elimination  of  Euclid's  "  Reductio  ad 
absurdum,"  3  ;  on  certain  pathological 
characters  of  the  blood-corpuscles,  1 1 3 ; 
on  agricultural  and  manufacturing  in- 
dustry, 162. 

Herefordshire,  new  species  of  Eurypterus 
from  the  old  red  sandstone  of,  93. 

Heurteloup  (M.  le  Baron)  on  a  new 
method  of  administering  chloroform, 
51. 

Hills  (Gordon  M.)  on  the  round  towers 
of  Ireland,  133. 

Himalayas,  on  the  routes  pursued  by  the 
Messrs.  Schlagintweit  in  the,  149. 

Hincks  (Rev.  E.)  on  the  relation  between 
the  newly-discovered  Accadian  lan- 
guage and  the  Indo-European,  Semitic 
and  Egyptian  languages,  134. 

Hippocrates,  on  the  macrocephali  of,  146, 

Hodgkin  (Dr.)  on  the  proposed  ship -canal 
through  the  Isthmus  of  Suez,  199. 

Hogg  (John)  on  some  variations  of 
British  plants,  96 ;  on  the  supposed 
biblical  names  of  Baalbec,  and  on  ttye 
position  of  Baalgad,  143. 

Hopkins  (William)  on  the  conductivity  of 
various  substances  for  heat,  70;  on 
the  cause  of  the  mild  winter  tempera- 
ture of  the  British  islands,  144. 

Huggate,  Meteorological  phenomena  at, 
37. 

Hughes  ( W.)  on  the  application  of  a  deci- 
mal scale  to  the  construction  of  maps, 
145, 

Human  race,  on  the  probable  migrations 
and  variations  of  the  earlier  families  of 
14 
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the,  130;  on  the  sources  and  origin! 
of  the,  and  their  languages,  146 ;  on 
some,  in  India  and  Upper  Asia,  161. 

Hygrometers  and  hygrometry,  with  de- 
scription of  a  new  modification  of  the 
condenser  hygrometer  and  hygroscope, 
on,  45. 

Hyndmaa  (G.  CO  on  a  carious  monstro- 
sity of  form  in  the  Fusas  antiquus, 
104. 

Ioe,  on  the  plasticity  of,  39. 

India,  on  the  districts  already  visited  by 
the  Geological  Survey  of,  85 ;  on  ero- 
sion of  rivers  in,  89 ;  on  the  Lotus  or 
sacred  bean  of,  96 ;  on  some  of  the 
animals  of,  106 ;  on  the  routes  of  com- 
munication between  England  and,  123; 
on  the  routes  pursued  by  the  Messrs. 
Schlagiutweitin,  149 ;  on  some  human 
races  in,  151. 

Induction  apparatus,  on  the  construction 
and  effects  of  a  very  powerful,  by  £.  S. 
Ritchie,  15  ;  on  the  effects  of,  on  long 
submarine  lines  of  telegraph,  21, 

Industry,  on  agricultural  and  manufac- 
turing, 162. 

Intemperance,  on  the  necessity  of  prompt 
measures  for  the  suppression  of,  161. 

Iodine  in  ammonia,  solution  of,  55. 

Ireland,  on  the  relations  of  the  rocks  at 
or  below  the  base  of  the  carboniferous 
series  of,  66 ;  description  of  the  one- 
inch  geological  map  of,  75  ;  on  the  tea- 
fisheries  oi9 101 ;  influence  of  the  Gulf- 
stream  on  the  climate  of,  132 ;  on  the 
round  towers  of,  133;  on  the  car 
establishment  of  Mr.  Bianconi  in,  155; 
on  a  cash  land- trade  for,  160 ;  on  the 
land-revolution  in,  163;  on  the  rise, 
progress  and  present  prospects  of  popu- 
lar education  in,  ib.;  on  registration 
of  births,  deaths  and  marriages  in,  164; 
ou  the  embroidered  muslin  manufacture 
of,  167;  on  statistics  of  crime  in,  171. 

Irish  Lepidoptera,  on  a  list  of  additions 
to,  101. 

Irish,  on  the  physical  characteristics  of 
the  ancient,  129;  on  the  intellectual 
characteristics  of  the,  130. 

Irish  people,  on  the  surnames  of  the,  130. 

Iron,  on  fused  wrought,  57 ;  on  improve- 
merits  in,  ISO. 

Iron  ores  of  the  Leitrim  coal-field,  on  the 
composition  of  the,  44. 

Iron  slag,  on  the  chemical  composition  of 
au  ancient,  found  at  Locngoilhead, 
Argyleshire,  52. 

Ironstones  in  the  oolitic  district  of  York- 
shire, on  the,  89. 


Isopoda,  on  certain  genera  of  terrestrial, 

104. 
Isothermal  lines*  on  simultaneous,  29. 

Jackson  (Santiago)  on  routes  from  Lima 
to  the  navigable  branches  of  the  Amn- 
ion, with  notes  on  Eastern  Pern  as  a 
field  for  colonization,  145. 

Jellett  (Rev.  Prof.)  on  some  general  pro- 
position* connected  with  toe  theory  of 
attractions,  3. 

Jemison  ( William  H.)  on  the  prevention 
of  crime,  162. 

Johnson  (R.  L.)  on  illuminating  pent  get, 
51. 

Joint-stock  banks,  reasons  for  extending 
limited  liability  to,  165 ;  on  the  recent 
legislation  relative  to,  and  joint-stock 
companies,  166. 

Jottrand(M.)  on  the  progress  of  free  trade 
on  the  continent,  163. 

Jukes  (J.  Beete)  on  the  geological  struc- 
ture of  the  Dingle  promontory,  Co, 
Kerry,  70;  on  the  old  red  sandstone 
of  South  Wales,  73 ;  on  the  geology  of 
Lambay  Island,  75 ;  description  of  the 
one-inch  geological  map  of  Ireland,  A, 

Kavanagh  (J.  W.)  on  the  rise,  i 
and  present  prospects  of  popular  < 
tion  in  Ireland,  163. 

Kelly  (J.  O.)  on  a  section  across  SUere- 
na-Muck,  Co.  Tipperary,  76. 

Kenmare  river,  identification  of  the  river 
Dur  of  Ptolemy  with  the,  132. 

Kerry,  on  the  remains  of  early  stone-boOt 
fortresses  and  habitations  in  the  county 
of,  148. 

Kinahan  (G.  H.)  on  the  Valentin  trap 
district,  75. 

Kinahan  (Dr.  J.  R.)  on  the  zoological  re- 
lations of  the  Cambrian  rocks  of  Bray 
Head  and  Howth,  75 ;  on  a  new  species 
of  Galathea,  101;  on  certain  genera  of 
terrestrial  isopoda,  to. 

King  (Professor)  on  the  relation  between 
the  cleavage  of  minerals  and  the  clea- 
vage of  rocks,  76. 

Koninck  (Prof.   L.  de)   on  the 
Woodocrinus,  76. 

Kyle  (John  J.  J.)  on  the  chemical 
position  of  an  ancient  iron  amg  fbnnd 
at  LochgoUheed,  Argyllshire,  52. 

Labour,  on  the  apprenticeship  system  io 
reference  to  the  freedom  of,  166. 

Lacteal  fluid  in  the  mesentery  of  the 
mouse,  on  the  flow  of  the,  114. 

Lambay  Island,  on  the  geology  of,  74. 

Land- revolution  in  Ireland,  on  the,  163. 
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Tiankester  (Or.  E.)  on  the  registration  of 
periodic  phenomena,  113;  on  the  alter- 
nation of  generations  and  partheno- 
genesis in  plants  and  animals,  to. 

Laws*  (G.  B.)  on  the  assimilation  of 
nitrogen  by  plants,  51. 

Leaeh  (Captain)  on  the  use  of  percussion 
lights  for  preventing  collisions  at  sea 
and  on  railways,  181. 

Lee  (Dr.)  on  the  discovery  of  the  Asteroid, 
No.  46,  by  Mr.  Pogson,  at  Oxford,  31. 

Legumine,  on  the  proportion  of  organic 
phosphorus  in,  60. 

Lenses,  on  the  centring  of  the,  of  the  com- 
pound object-glasses  of  microscopes,  4. 

Lepidoptera,  on  a  list  of  additions  to  Irish, 
101. 

Leslie  (Prof.)  on  professional  incomes, 
163;  on  competition  at  the  bar,  ib. 

Life,  on  a  formula  for  ascertaining  the 
expectation  of,  172. 

Light,  4. 

Lignite  of  BaUymacadam,  on  the,  94. 

Lima,  on  routes  from,  to  the  navigable 
branches  of  the  Amazon,  145. 

Limerick,  on  carboniferous  limestone  fos- 
sils from  the  county  of,  62 ;  on  a  new 
fossil  fern  from  the  coal-measures  near 
Glin  in,  63. 

Limestone,  on  the  jointing  and  dolomiti- 
zation  of  the  lower  carboniferous,  in  the 
neighbourhood  of  Cork,  6$, 

Lister  (Joseph)  on  the  flow  of  the  lacteal 
fluid  in  the  mesentery  of  the  mouse,  114. 

Liverpool,  on  the  ages  of  the  population 
in,  158. 

Lives,  on  annuities  on,  172. 

Livingstone  (Rev.  Dr.)  on  discoveries  in 

•  Southern  Africa,  146. 

Lloyd  (Dr.)  on  the  purification  of  large 
towns  by  means  of  dry  cloaca;,  53. 

Lochgoilhead,  on  the  chemical  composition 
of  an  ancient  iron  slag  found  at,  52. 

Locke  (John),  the  land-revolution  in  Ire- 
land, 163. 

Loomis  (Prof.)  on  the  relative  accuracy  of 
the  different  methods  of  determining 
geographical  longitude,  25  ;  on  certain 
electrical  phenomena  in  the  United 
States,  32. 

Lotus  or  sacred  bean  of  India,  on  the,  96. 

Lunar  physics,  on,  28. 

Lyons  (Prof.)  on  the  importance  of  intro- 
ducing a  new  and  uniform  standard  of 
micrometric  measurement,  115;  on  Dr. 
Hardy's  instrument  for  the  local  appli- 
cation of  chloroform,  ib. 

Maeren  (M.  Corr  Vender)  on  the  progress 
of  free-trade  on  the  continent,  164. 


Macadamised  roads,  on,  180. 

Macdonald  (Dr.)  on  the  cranium  of  os- 
seous fishes  and  its  vertebrate  and  arti- 
culate homologies,  104;  on  the  sources 
and  origins  of  human  races  and  their  lan- 
guages, more  especially  the  Celtic,  146. 

Macgregor  (John),  early  methods  of  pro- 
pelling ships,  182. 

Maerocephali  of  Hippocrates,  on  the,  146. 

Magnetic  disturbances  at  Point  Barrow, 
on  the  amount  and  frequency  of  the, 
14. 

Magnetism,  11. 

Mallet  (Prof.  J.  W.)  on  the  atomic  weight 
of  aluminium,  53 ;  on  Prof.  Tuomey's 
geological  map  of  Alabama,  78. 

Mallet  (R.)  on  the  construction  of  the 
36-inch  mortars  made  by  order  of  Her 
Majesty's  Government,  186. 

Manchester,  on  the  ages  of  the  population 
in,  158. 

Maps,  on  the  application  of  a  decimal 
scale  to  the  construction  of,  145 ;  on  the 
application  of  the  decimal  scale  in  the 
construction  of,  172. 

Markham  (Clements  R.)  on  the  final  Arc-. 
tic  searching  expedition,  146. 

Marriages,  on  the  proportion  of,  at  dif- 
ferent ages  of  the  sexes,  156. 

Martin  (T.)  on  certain  properties  of  the 
radii  of  curvature  of  curves  and  surfaces, 
and  their  application  to  the  method  of 
polar  reciprocation,  4. 

Masters  (T.  Maxwell),  contributions  to 
vegetable  teratology,  97. 

Mathematics,  1. 

McCormac  (Dr.  H.)  on  the  influence  of 
inadequate  or  perverted  development 
in  the  production  of  insanity,  disease, 
want  and  crime,  164. 

McDonnell  (Dr.  Robert)  on  the  valvular 
apparatus  connected  with  the  vascular 
system  of  certain  abdominal  viscera, 
115. 

McNamara  (Dr.)  on  coloured  confection- 
ary, 55. 

Measures,  on  the  use  of  prime  numbers 
in  English,  174. 

Mechanical  science,  address  by  the  Pre- 
sident of  the  Section,  175. 

Medusa,  on  British  naked-eyed,  103. 

Melting-points  of  bodies,  on  the,  53. 

Meneghini  (Prof.  Car.  G.)  on  the  recent 
advances  of  palaeontological  discovery 
in  Tuscany,  79. 

Mercury,  ammonio-iodide  of,  55. 

Metals,  on  a  new  method  of  forming  am- 
monio-iodide of,  55. 

Meteorological  observations  made  at  sea, 
on,  28. 

14* 


212 


INDEX  II. 


Meteorological  phenomenaatHuggate,37. 

Meteorology,  28;  examination  of  some 
problems  of,  35. 

Meteors,  on  the  light  of,  42. 

Miall  (Dr.)  on  the  melting-points  of 
bodies,  5.3. 

Mica  slates  and  granite  of  Killiney  Hill, 
on  the  junction  of  the,  84. 

Micrometric  measurement,  on  the  import- 
ance of  introducing  a  new  and  uniform 
standard  of,  115. 

Microscopes,  on  the  centring  of  the  lenses 
of  the  compound  object-glasses  of,  4 ; 
on  a  method  of  applying  the  compound, 
to  the  sides  or  top  of  aquaria  less  than 
2  feet  in  height,  106. 

Millingen  (Dr.)  on  preserving  the  vaccine 
virus  in  glycerine,  115. 

Minchin  (Dr.)  on  the  macrocephali  of 
Hippocrates,  146. 

Minerals,  on  the  relation  between  the 
cleavage  of,  and  the  cleavage  of  rocks, 
76. 

Mitchelstown  caves,  notes  of  a  visit  to, 
108. 

Moigno  (M.  TAbbe*)  on  a  method  of  deter- 
mining whether  the  luminiferous  vibra- 
tions are  parallel  or  perpendicular  to 
the  plane  of  polarization,  9 ;  notices  of 
photography,  53 ;  on  three  new  electro- 
type processes,  54. 

Molesworth  (Guildford  L.)  on  tangent 
wheels,  186. 

Molten  substances,  on  some  phenomena 
in  connexion  with,  26. 

Money  grants  of  the  British  Association, 
on  the,  167. 

Moon,  on  transit  observations  of  the,  27 ; 
on  the  variation  in  the  quantity  of  rain 
due  to  its  position  in  reference  to  the 
plane  of  the  earth's  orbit,  29. 

Moore  (Arthur)  on  registration  of  births, 
deaths  and  marriages  in  Ireland,  164. 

Moore  (D.)  on  the  plants  which,  by  their 
growth  and  decomposition,  form  the 
principal  part  of  the  Irish  turf-bogs,  97. 

Moorsora  (Admiral)  on  the  want  of  facts 
respecting  the  performance  of  vessels 
at  sea,  187. 

Morris  (Rev.  F.  O.)  on  the  specific  di- 
stinctions of  Uria  troile  and  Una  lacry- 
mans,  105. 

Mortars,  on  the  construction  of  the  36- 
inch,  186. 

Mosotti  (Cavaliere  O.  F.)  on  the  distri- 
bution of  the  orbits  of  the  comets  in 
space,  23. 

Motion,  secular  variations  in  lunar  and 
terrestrial,  from  the  influence  of  tidal 
action,  40 


Mouse,  on  the  flow  of  the  lacteal  fluid  in 
the  mesentery  of  the,  114. 

Moy  (T.),  improvements  in  the  mode  ef 
working  steam-engines,  187;  on  the 
philosophy  of  the  wave-line  system  of 
ship-building,  188. 

Murcnison  (Sir  R.  I.)  on  the  quarts  rocks, 
crystalline  limestones,  and  micaceous 
schists  of  the  north-western  Highlands 
of  Scotland,  82. 

Murphy  (J.  J.)  on  a  proposal  for  die  esta- 
blishment of  a  uniform  reckoning  of 
time  in  connexion  with  the  telegraph, 
26 ;  on  converging  rays  seen  at  Green- 
island,  on  the  Antrim  shore  of  BelJast- 
lough,  35 ;  reasons  for  extending  limit- 
ed liability  to  joint. stock  banks,  165. 

Murray  (B.  A.),  demonstration  that  the 
three  angles  of  every  triangle  are  equal 
to  two  right  angles,  4. 

Murray  (Sir  James)  on  the  choice  of  per- 
ennial rather  thaii  annual  fertilizers, 
54 ;  on  the  laying  of  submarine  tele- 
graph cables,  189. 

Muslin  manufacture  of  Scotland  and  Ire- 
land, on  the  rise,  progress  and  value  of 
the  embroidered,  167. 

Napier  (Robert)  on  the  apprenticeship 
system  in  reference  to  the  freedom  of 
labour,  166. 

Nasmyth  (J.)  on  some  phenomena  in  con- 
nexion with  molten  substances,  26. 

Negro  variety  of  mankind,  on  the  ethno- 
logical and  physical  characters  of  the, 
117. 

New  England,  on  the  discovery  of  para- 
doxides  in,  89. 

New  Granada,  ethnological  and  antiqua- 
rian researches  in,  121. 

Newmarch  (W.)  on  the  recent  legislation 
relative  to  joint-stock  companies  and 
joint-stock  banks,  1 66 ;  on  some  of  the 
economical  questions  connected  with 
the  effect  of  the  new  gold  in  diminish- 
ing the  difficulties  of  the  last  few  yean, 
to. 

Neville  (Mr.)  on  the  flow  of  water  through 
circular  pipes,  189. 

Niger,  on  the  anomalous  period  of  the 
rising  of  the,  118. 

Nitrates  in  plants,  on  a  process  for  the 
determination  of  the,  58. 

Nitrogen,  amount  of,  in  the  Algae,  44 ; 
on  urea  as  a  direct  source  of,  to  vege- 
tation, to. ;  on  the  specific  gravity  of 
chloride  of,  with  some  remarks  upon  its 
action  on  alcohol,  47 ;  on  the  assimila- 
tion of,  by  plants,  51. 

Niven  (N.)  on   the   importance   of  a 
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thorough  understanding  of  the  root 
principle  in  the  cultivation  of  trees,  98; 
on  the  remarkable  result  of  an  experi- 
ment upon  a  fruit-bearing  tree,  100; 
on  cottage  gardening  and  labourer's 
holdings,  166. 

Norwegian  apatite,  on  the  composition 
of,  59. 

Noyer  (Geo.  V.  Du)  on  the  remains  of 
early  stone-built  fortresses  and  habita- 
tions in  the  county  of  Kerry,  148. 

Odling  (W.)  on  the  condition  of  Thames 
water  as  affected  by  London  sewage, 
44 ;  on  the  presence  of  copper  in  the 
tissues  of  plants  and  animals,  55 ;  on 
the  effects  of  alum  in  panification,  ib. 

CDonovan  (Johp)  on  the  physical  cha- 
racteristics of  the  ancient  Irish,  129; 
on  the  surnames  of  the  Irish  people, 
their  meanings,  and  the  various  changes 
which  they  have  undergone  since  the 
English  invasion  of  Ireland,  130;  on 
the  intellectual  characteristics  of  the 
ancient  Irish,  to. 

Ogilby  (W.)  on  the  dispersion  of  domestic 
animals  in  connexion  with  the  primary 
ethnological  divisions  of  the  human 
race,  105. 

Oldham  (Thomas)  on  the  districts  already 
visited  by  the  Geological  Survey  of 
India,  85. 

Old  red  sandstone,  on  fossil  stems  allied 
to  Stigmaria,  recently  obtained  from 
the  upper  beds  of  the,  of  Hook  Point, 
69;  on  the,  of  South  Wales,  73;  new 
species  of  Eurypterus  from  the  Here- 
fordshire, 93. 

O'Meara  (Rev.  E.)  on  the  forms  of  Dia- 
tomaceae  found  in  chalk,  97. 

Oolitic  district  of  Yorkshire,  on  the  iron- 
stones in  the,  89. 

Optical  instruments,  4. 

Ordnance,  on  improvements  in,  179. 

Organic  bodies,  on  a  more  systematic 
nomenclature  for,  45. 

Osborn  (Capt.  S.)  on  the  sea  of  Azof,  and 
the  Sivash  or  Putrid  Sea,  148. 

Ozone,  on,  44,  58. 

Palseontological  discovery  in  Tuscany,  on 
the  recent  advances  of,  79. 

Palestrini  (A.)  on  the  submarine  electric 
telegraph  cable,  189. 

Palinurus  vulgaris,  on  the  embryo  state 
of,  102. 

Panification,  on  the  effects  of  alum  in, 
55. 

Paper,  on  the  conversion  of,  into  parch- 
ment, 45. 


Paradoxides  in  New  England,  on  the  dis- 
covery of,  89. 

Parchment,  on  the  conversion  of  paper 
into,  45. 

Peach  (Mr.  C.)  on  the  recent  fossil  dis- 
coveries of,  82. 

Peat,  on  the  presence  of  several  acids  of 
the  series  C"  Hn  O4,  among  the  pro- 
ducts of  the  distillation  of,  58 ;  on  the 
mode  of  rendering  it  economically 
available  as  fuel,  and  as  a  source  of 
illuminating  gas,  181. 

Peat  gas,  on  illuminating,  51. 

Peat  moss,  on  some  of  the  medicinal 
and  chemical  properties  of  carbonized, 
58. 

Pennsylvania,  on  the  geological  survey 
of,  89. 

Penny  (Rev.  W.  G.)  on  certain  planetary 
perturbations,  27. 

Percussion  lights,  on  the  use  of,  for  pre- 
venting collisions  at  sea,  and  on  rail- 
ways, 181. 

Peru,  ethnological  and  antiquarian  re- 
searches in,  121. 

Phillips  (John)  on  the  ironstones  in  the 
oolitic  district  of  Yorkshire,  89 ;  on  the 
money  grants  of  the  British  Associa- 
tion, 167. 

Phosphorus,  organic,  proportion  of,  in 
legumine,  60. 

Photography,  notices  of,  53. 

Physical  characteristics,  on  the  influence 
which  they  exert  upon  the  language 
and  mythology  of  a  people,  as  a  means 
of  tracing  the  affinities  of  races,  153. 

Physics,  1. 

Physiology,  109. 

Pipes,  on  the  flow  of  water  through  cir- 
cular, 189. 

Planetary  perturbations,  on  certain,  27. 

Plants,  on  the  assimilation  of  nitrogen 
by,  51 ;  on  the  presence  of  copper  in 
the  tissues  of,  55 ;  on  a  process  for  the 
determination  of  the  nitrates  in,  58; 
on  some  variations  of  British,  96 ;  on 
those  which  form  the  principal  part  of 
the  Irish  turf-bogs,  97 ;  on  die  alter- 
nation of  generations  and  parthenoge- 
nesis in,  113. 

'  Plover's  *  winter-quarters  at  Point  Bar- 
row, on  the  temperature  of  the  air  re- 
gistered at  the,  in  the  years  1852-54, 
37. 

Pogson  (Mr.),  on  the  discovery  of  the 
asteroid  No.  46,  by,  31. 

Point  Barrow,  on  the  amount  and  fre- 
quency of  the  magnetic  disturbances 
and  of  the  aurora  at,  14 ;  on  the  tem- 
perature of  the  air  registered  at  the 
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'Plover's*  winter-quarters  at,  in  the 
years  1852-54,  37. 

Poisons,  on  the  action  of  some  animal, 
110. 

Polarisation,  on  a  method  of  determining 
whether  the  lurainiferoua  vibrations  are 
parallel  or  perpendicular  to  the  plane 
of,  9. 

Polarizer,  new,  5. 

Population,  on  the  ages  of  the,  in  Liver- 
pool and  Manchester,  158;  on  the  de- 
pendence of  moral  and  criminal  on 
physical  conditions  of,  ib. 

Porter  (Henry  John  J  on  the  census  of 
8ydney,  New  South  Wales,  167 ;  cen- 
sus of  the  province  of  Canterbury,  New 
Zealand,  ft. 

Potassium,  on  explosive,  47. 

Potato,  on  the  nutritive  properties  of  the, 
57. 

Posnanski  (Dr.)  on  theconnexion  between 
atmospheric  vicissitudes  and  epidemic 
diseases,  115. 

Prism,  on  a  new  polarizer,  resulting  from 
a  modification  of  the,  of  Nicol,  5 ;  on 
the  use  of  the,  in  detecting  impurities, 
48. 

Prison,  on  the  effect  of  good  and  bad 
times  on  committals  to,  158. 

Professional  incomes,  on,  163. 

Pugh  (Mr.)  on  the  assimilation  of  nitro- 
gen by  plants,  51. 

Putrid  Sea,  on  the,  148. 

Quito,  ethnological  and  antiquarian  re- 
searches in,  121. 

Raillard  (M.  TAbbl),  new  and  complete 
explanation  of  the  rainbow,  35. 

Railway  signal,  on  a  new,  185. 

Railways,  on  the  use  of  percussion  lights 
for  preventing  collisions  on,  181. 

Rain,  on  the  variation  in  the  quantity  of, 
due  to  the  moon's  position  in  reference 
to  the  plane  of  the  earth's  orbit,  29. 

Rainbow,  new  and  complete  explanation 
of  the,  35. 

Ralfs  (J.)  on  the  siliceous  cells  formed  in 
the  frustules  of  Diatomacese,  101. 

Rankin  (Rev.  T.),  meteorological  pheno- 
mena at  Huggate,  Yorkshire,  37. 

Rankine  (W.  J.  Macquorn)  on  the  prin- 
ciple of  the  transformation  of  structures, 
189. 

Reade  (Rev.  J.  B.)  on  a  new  method  of 
forming  ammonio-iodides  of  metals,  55. 

Redfern  (Or.)  on  a  method  of  applying 
the  compound  microscope  to  the  sides 
or  top  of  aquaria  less  than  2  feet  in 
height,  106;  on  Flustrella  hispida,  ib. 


Rennie  (George),  continuation  of  experi- 
ments to  determine  the  resistances  of 
screw-propellers  when  revolving  in 
water  at  different  depths  and  velocities, 
189 ;  on  the  quantity  of  heat  developed 
by  water  when  rapidly  agitated,  190. 

Richardson  (Sir  J.)  on  electric  fishes,  1 15 ; 
on  James  Anderson's  report  of  a  search- 
ing party  down  die  Great  Fish  River 
in  quest  of  the  remains  of  the  crews  of 
the '  Erebus'  and  'Terror'  in  1855, 148. 

Riley  (E.)  on  fused  wrought  iron,  57. 

Ritchie  (E.  S.)  on  a  powerful  indnetioo 
apparatus  devised  by,  15. 

Rivers,  on  erosion  of,  in  India,  89 ;  on 
the  advantages  arising  from  the  im- 
provement of  tidal,  167. 

Robinson's  (Rev.  T.  R.)  address  to  the 
Mathematical  and  Physical  Section,  1 ; 
on  transit  observations  of  the  moon,  27. 

Rocks,  on  the  relations  of  the,  of  the  car- 
boniferous series  of  Ireland,  66 ;  on  the 
relation  between  the  cleavage  of  mine- 
rals and  the  cleavage  of,  76. 

Rogers  (Jasper  W.)  on  the  nutritive  pro- 
perties ot  the  potato,  when  properly 
manipulated,  as  compared  with  wheat, 
&c,  57 ;  on  some  of  the  medicinal  and 
chemical  properties  of  carbonised  peat 
moss,  58. 

Rogers  (Prof.  H.  D.)  on  the  geological 
survey  of  Pennsylvania,  89. 

Rogers  (Prof.  W.  B.)  on  the  construction 
and  effects  of  a  very  powerful  induction 
apparatus  devised  by  Mr.  E.8.  Ritchie, 
15;  ozone  observations,  58;  on  the 
discovery  of  paradoxides  in  New  Eng- 
land, 89. 

Rosse  (The  Earl  of),  address  to  the  Me- 
chanical Section,  175. 

Round  towers  of  Ireland,  on  the,  188. 

Rundell  (W.),  magnetic  experiments 
made  on  board  the  •  Great  Eastern* 
steamer,  22. 

Russell  (Rev.  Charles)  on  the  inhabitants 
and  dialect  of  the  Barony  of  Forth  in 
the  county  of  Wexford,  149. 

Russell  (John  Scott),  mechanical  struc- 
ture of  the  '  Great  Eastern '  steam- 
ship, 195. 

Sabine  (Maj.-Gen.)  on  the  amount  and 
frequency  of  the  magnetic  disturbances 
and  of  the  aurora  at  Point  Barrow,  on 
the  shores  of  the  Polar  Sea,  14. 

Salmon  (Rev.  G.)  on  the  surface  of  cen- 
tres of  an  ellipsoid,  4. 

Salter  (J.  W.)  on  the  fossils  from  Dur- 
ness, 83;  on  the  fossils  of  the  Dingle 
district,  89. 
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Salt*,  on  the  effects  of  heat  on  the  colour 
of  dissolved,  8 ;  on  the  colour  of,  in 
solution,  to.;  ammonlacal,  on  the  de- 
composition by  host  of  certain,  48; 
on  the  solubility  of,  at  high  tempera- 
tures, 59. 

Sohlagintweit  (Hermann  and  Robert) 
on  erosion  of  rivers  in  India,  89 ;  on 
some  of  the  animals  of  Tibet  and  India, 
106;  on  the  routes  pursued  by  them 
in  India,  the  Himalayas,  Tibet  and 
Turkistan,  149 ;  on  some  human  races 
in  India  and  Upper  Asia,  161. 

Scotland,  the  auartz  rooks,  crystalline 
limestone,  ana  micaceous  schists  of  the 
N.W.  Highlands  of,  proved  to  be  of 
Lower  Silurian  age,  82;  on  the  em- 
broidered muslin  manufacture  of,  167. 

Screw-propellers,  on  the  resistance  of, 
when  revolving  in  water  at  different 
depths  and  velocities,  189. 

Sea,  on  meteorological  observations  made 
at,  28 ;  on  the  use  of  percussion  lights 
for  preventing  collisions  at,  181. 

Sea-fisheries  of  Ireland,  on  the,  101. 

Sea-level,  on  the  existence  of  forces  capa- 
ble of  chauging  the,  during  different 
geological  epochs,  69. 

Secretions,  on  a  more  complete  compila- 
tion of  the  facts  illustrating  the  physi- 
ology of  vegetable  and  animal,  110. 

Severn  drift,  on  a  fossil  of  the,  93. 

Sewage,  London,  on  the  condition  of 
Thames  water  as  affected  by,  44. 

Ship-building,  on  the  philosophy  of  the 
wave-line  of,  188. 

Ship  canal  through  the  Isthmus  of  Suez, 
on  the  proposed,  199. 

Ships,  early  method  of  propelling,  182. 

Siegfried  (Dr.)  on  an  inscription  in  the 
language  of  ancient  Gaul,  and  on  the 
recent  researches  of  Zeuss  and  others 
into  that  language,  154. 

Silicates,  on  the  action  of  saline  solutions 
on,  under  the  influence  of  heat  and 
pressure,  59. 

Silk,  on  machinery  for  spinning,  from  the 
cocoon,  189. 

Silver  (T.)on  the  importance  of  regulating 
the  speed  of  marine  engines,  198. 

Silver,  ammonio-iodide  of,  55. 

Simpson  (John)  on  the  temperature  of  the 
air  registered  at  the  ( Plover's '  winter- 
quarters  at  Point  Barrow,  in  the  years 
1852-64,  37. 

Sivash  or  Putrid  Sea,  on  the,  148. 

Skulls  discovered  in  an  ancient  sepulchral 
mound  uear  MountWilson,  Ireland,  131 . 

Slaty  cleavage,  on  a  model  illustrative  of, 
69. 


Slieve-na-Muck,  on  a  section  across,  76. 

Smyth  (Professor  C.  Piassi)  on  lunar 
physics,  28. 

Smyth  (Rear- Admiral)  on  the  results  of 
measurements  of  y  Virginia  for  the 
h  1857,  32. 

(H.  C.)  on  some  foots  connected 
with  slaty  cleavage,  92. 

Soret  (M.  Louis)  on  the  correlation  oi 
dynamic  electricity  and  the  other  phy- 
sical forces,  16. 

Sound,  on  the  effect  of  wind  on  the  in- 
tensity of,  22. 

South  Wales,  on  the  old  red  sandstone 
of,  73. 

Stars,  cireumpolar,  in  the  same  vertical, 
on  finding  the  time  by  observing,  24 ; 
on  the  lignt  of  temporary,  42. 

Statistics,  introductory  address  by  the 
Archbishop  of  Dublin,  154 ;  on  crimi- 
nal, 168,  171. 

Steam,  on  superheated,  199. 
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tain Limestone  formation,  constituting  the  Lead  Measures  of  Alston  Moor  |— 8lr  D.  Brewster, 
Reports  respecting  the  two  scries  of  Hourly  Meteorological  Observations  kept  in  Scotland  $— 
Report  on  the  subject  of  a  series  of  Resolutions  adopted  by  the  British  Association  at  their 
Meeting  in  August  1838,  at  Newcastle  j— R.  Owen,  Report  on  British  Fossil  Reptiles  j— B. 
Forbes,  Report  on  the  Distribution  of  Pulmoniferous  Mollusca  in  the  British  Isles j— W.  8. 
Harris,  Third  Report  on  the  Progress  of  the  Hourly  Meteorological  Register  at  the  Plymouth 
Dockyard. 

Together  with  the  Transactions  of  the  Sections,  Rev.  W.  Vernon  Harcourt's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TENTH  MEETING,  at  Glasgow,  1S40, 
Published  at  l&s. 

Contents  : — Rev.  B.  Powell,  Report  on  the  recent  Progress  of  discovery  relative  to  Radiant 
Heat,  supplementary  to  a  former  Report  on  the  same  subject  inserted  in  the  first  volume  of  the 
Reports  of  the  British  Association  for  the  Advancement  of  Science  j— J.  D.  Forbes,  Supple* 
mentary  Report  on  Meteorology  j — W.  S.  Harris,  Report  on  Prof.  Whewell's  Anemometer, 
now  in  operation  at  Plymouth ; — Report  on  "  The  Motions  and  Sounds  of  the  Heart,"  by  the 
London  Committee  of  the  British  Association,  for  1889-40 ;— Prof.  Schonbein,  an  Account  of 
Researches  in  Electro- Chemistry ;— R.  Mallet,  Second  Report  upon  the  Action  of  Air  and 
Water,  whether  fresh  or  salt,  clear  or  foul,  and  at  various  temperatures,  upon  Cast  Iron, 
Wrought  Iron  and  Steel ; — R.  W.  Fox,  Report  on  some  Observations  on  Subterranean  Tern* 
perature ; — A.  F.  Osier,  Report  on  the  Observations  recorded  during  the  years  1837, 1838, 1839 
and  1840,  by  the  Self-registering  Anemometer  erected  at  the  Philosophical  Institution,  Bir- 
mingham , — Sir  D.  Brewster,  Report  respecting  the  two  Series  of  Hourly  Meteorological  Ob* 
serrations  kept  at  Inverness  and  Kingussie,  from  Nov.  1st,  1838  to  Nov.  1st,  1839;— W. 
Thompson,  Report  on  the  Fauna  of  Ireland  :  Div.  Vertebrata ;— -C.  J.  B.  Williams,  M.D., 
Report  of  Experiments  on  the  Physiology  of  the  Lungs  and  Air-Tubes  j— Rev.  J.  S.  Henslow, 
Report  of  the  Committee  on  the  Preservation  of  Animal  and  Vegetable  Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison  and  Major  E.  8ablne*s 
Address,  and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  ELEVENTH  MEETING,  at  Plymouth, 
1841,  Published  at  IS*.  6d. 

Contents t — Rev.  P.  KcUand,  on  the  Present  state  of  our  Theoretical  and  Experimental 
Knowledge  of  the  Laws  of  Conduction  of  Heat ;— O.  L.  Roupell,  M.  kX,  Report  on  Poisons  f— 
T.  O.  Bunt,  Report  on  Discussion*  of  Bristol  Tides,  under  the  direction  of  the  Rev.  W.  Wfcewetf  $ 
— D.  Ross,  Report  on  the  Discussions  of  Leith  Tide  Observations,  under  the  direction  of  the 
Rev.  W.  Whewell  *— W.  S,  Harris,  upon  the  working  of  Whewell's  Anemometer  at  Plymouth 
during  the  past  year ; — Report  of  a  Committee  appointed  for  the  purpose  of  superintend* 
iag  the  scientific  co-operation  of  the  British  Association  in  the  System  of  Sisnultaaeons  Ohser» 
vations  in  Terrestrial  Magnetism  and  Meteorology  j — Reports  of  Committees  appointed  to  pro* 
vide  Meteorological  Instruments  for  the  use  of  M.  Agassis  and  Mr.  M<Cord  j— Report  of  a  Com- 
mittee  to  superintend  the  reduction  of  Meteorological  Observations |  ■Report  of  n  Con** 
mittee  for  revising  the  Nomenclature  of  the  Stars ; — Report  of  a  Committee  for  obtaining  In- 
struments and  Registers  to  record  Shocks  and  Earthquakes  in  Scotland  and  Ireland ;— Report  of 


a  Committee  on  the  Preservation  of  Vegetative  Powers  in  Seeds ;— Dr.  HobfeJtin,  on  Taqmries 
into  the  Races  of  Man ; — Report  of  the  Committee  appointed  to  report  how  far  the  Dosidffrafi 
in  our  knowledge  of  the  Condition  of  the  Upper  Strata  of  the  Atmosphere  may  be  supplied  try 
means  of  Ascents  in  Balloons  or  otherwise,  to  ascertain  the  probable  expense  of  such  Experi- 
ments, and  to  draw  up  Directions  for  Observers  in  such  circumstances  ; — R.  Owen,  Report 
on  British  Fossil  Reptiles ;  Reports  on  the  Determination  of  the  Mean  Value  of  Railway 
Constants  J — D.  Lardner,  LL.D.,  Second  and  concluding  Report  on  the  Determination  of  the 
Mean  Value  of  Railway  Constants; — E.  Woods,  Report  on  Railway  Constants ; — Report  of  a 
Committee  on  the  Construction  of  a  Constant  Indicator  for  Steam- Engines. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Whe well's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWELFTH  MEETING,  at  Manchester, 
1842,  Published  at  10*.  Gd. 

Contents  : — Report  of  the  Committee  appointed  to  conduct  the  co-operation  of  the  British 
Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observations  ;— 
J.  Richardson,  M.D.,  Report  on  the  present  State  of  the  Ichthyology  of  New  Zealand ; — 
W.  S.  Harris,  Report  on  the  Progress  of  Meteorological  Observations  at  Plymouth ; — Second 
Report  of  a  Committee  appointed  to  make  Experiments  on  the  Growth  and  Vitality  of  Seeds; 
— C.  Vignoles,  Report  of  the  Committee  on  Railway  Sections ; — Report  of  the  Committee 
for  the  Preservation  of  Animal  and  Vegetable  Substances ;— Lyon  Playfair,  M.D.,  Abstract 
of  Prof.  Liebig's  Report  on  Organic  Chemistry  applied  to  Physiology  and  Pathology  ;— 
R.  Owen,  Report  on  the  British  Fossil  Mammalia,  Part  I. ; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants ; — L.  Agassis,  Report 
on  the  Fossil  Fishes  of  the  Devonian  System  or  Old  Red  Sandstone ; — W.  Fairbairn,  Ap- 
pendix to  a  Report  on  the  Strength  and  other  Properties  of  Cast  Iron  obtained  from  the  Hot 
and  Cold  Blast ; — D.  Milne,  Report  of  the  Committee  for  Registering  Shocks  of  Earthquakes 
in  Great  Britain ; — Report  of  a  Committee  on  the  construction  of  a  Constant  Indicator  for 
Steam-Engines,  and  for  the  determination  of  the  Velocity  of  the  Piston  of  the  Self  •acting  En- 
gine at  different  periods  of  the  Stroke  ; — J.  S.  Russell,  Report  of  a  Committee  on  the  Form  of 
Ships ; — Report  of  a  Committee  appointed  "to  consider  of  the  Rules  by  which  the  Nomencla- 
ture of  Zoology  may  be  established  on  a  uniform  and  permanent  basis ;  "—Report  of  a  Com- 
mittee on  tho  Vital  Statistics  of  large  Towns  in  Scotland ;— Provisional  Reports,  and  Notices 
of  Progress  in  special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Lord  Francis  Egerton's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTEENTH  MEETING,  at  Cork, 
18*3,  Published  at  12s. 

Contents  :— Robert  Mallet,  Third  Report  upon  the  Action  of  Air  and  Water,  whether 
fresh  or  salt,  clear  or  foul,  and  of  Various  Temperatures,  upon  Cast  Iron,  Wrought  Iron,  and 
Steel ; — Report  of  the  Committee  appointed  to  conduct  the  co-operation  of  the  British  As- 
sociation in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observations ; — Sir 
J.  F.  W.  Herscbel,  Bart,  Report  of  the  Committee  appointed  for  the  Reduction  of  Meteoro- 
logical Observations ;— Report  of  the  Committee  appointed  for  Experiments  on  Steam- 
Engines  ; — Report  of  the  Committee  appointed  to  continue  their  Experiments  on  the  Vitality 
of  Seeds ;— J.  S.  Russell,  Report  of  a  Series  of  Observations  on  the  Tides  of  the  Frith  of 
Forth  and  the  East  Coast  of  Scotland; — J.  S.  Russell,  Notice  of  a  Report  of  the  Committee 
on  the  Form  of  Ships; — J.  Blake,  Report  on  the  Physiological  Action  of  Medicines; — Report 
of  the  Committee  on  Zoological  Nomenclature ; — Report  of  the  Committee  for  Registering 
the  Shocks  of  Earthquakes,  and  making  such  Meteorological  Observations  as  may  appear  to 
them  desirable  {—Report  of  the  Committee  for  conducting  Experiments  with  Captive  Balloons; 
—Prof.  Wheatstone,  Appendix  to  the  Report ; — Report  of  the  Committee  for  the  Translation 
and  Publication  of  Foreign  Scientific  Memoirs ; — C.  W.  Peach  on  the  Habits  of  the  Marine 
Testacea ;— E.  Forbes,  Report  on  the  Mollusca  and  Radiata  of  the  Aigean  Sea,  and  on  their 
distribution,  considered  as  bearing  on  Geology ; — L.  Agassis,  Synoptical  Table  of  British 
Fossil  Fishes,  arranged  in  the  order  of  the  Geological  Formations ; — R.  Owen,  Report  on  the 
British  Fossil  Mammalia,  Part  II. , — E.  W.  Binney,  Report  on  the  excavation  made  at  the 
junction  of  the  Lower  New  Red  Sandstone  with  the  Coal  Measures  at  Collyhurst ; — W. 
Thompson,  Report  on  the  Fauna  of  Ireland :  Div.  Inoertebrata ; — Provisional  Reports,  and 
Notices  of  Progress  in  SpeciaWResearches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Earl  of  Rosse's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  FOURTEENTH  MEETING,  at  York,  1844, 
Published  at  &. 

Contents  :— W.  B.  Carpenter,  on  the  Microscopic  Structure  of  Shells ;— J.  Alder  and  A. 
Hancock,  Report  on  the  British  Nudibranchiate  Mollusca ; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants ; — Report  of  a 
Committee  appointed  by  the  British  Association  in  1840,  for  revising  the  Nomenclature  of  the 
SUrs ; — Lt-Col.  Sabine,  on  the  Meteorology  of  Toronto  in  Canada ; — J.  Black  wall,  Report 
on  some  recent  researches  into  the  Structure,  Functions,  and  (Economy  of  the  Araneidea 
made  in  Oreat  Britain ; — Earl  of  Rosse,  on  the  Construction  of  large  Reflecting  Telescopes ; 
—Rev.  W.  V.  Harcoort,  Report  on  a  Gas-furnace  for  Experiments  on  Vitrifaction  and  other 
Applications  of  High  Heat  in  the  Laboratory ; — Report  of  the  Committee  for  Registering 
Earthquake  Shocks  in  Scotland; — Report  of  a  Committee  for  Experiments  on  Steam- Engines; 
—Report  of  the  Committee  to  investigate  the  Varieties  of  the  Human  Race ; — Fourth  Report 
of  a  Committee  appointed  to  continue  their  Experiments  on  the  Vitality  of  Seeds ; — W.  Fair- 
bairn,  on  the  Consumption  of  Fuel  and  the  Prevention  of  Smoke ; — F.  Ronalds,  Report  con- 
cerning the  Observatory  of  the  British  Association  at  Kew ; — Sixth  Report  of  the  Committee 
appointed  to  conduct  the  Co-operation  of  the  British  Association  in  the  System  of  Simulta- 
neous Magnetical  and  Meteorological  Observations; — Prof.  Forchhammer  on  the  influence 
of  Fucoidal  Plants  upon  the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  par- 
ticularly the  Metamorphosis  of  the  Scandinavian  Alum  Slate ;-— H.  E.  Strickland,  Report  on 
the  recent  Progress  and  Present  State  of  Ornithology ; — T.  Oldham,  Report  of  Committee 
appointed  to  conduct  Observations  on  Subterranean  Temperature  in  Ireland; — Prof.  Owen, 
Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils  indicative 
of  the  former  existence  in  that  continent  of  large  Marsupial  Representatives  of  the  Order 
Pachydermata  ; — W.  S.  Harris,  Report  on  the  working  of  Whewell  and  Osier's  Anemometers 
at  Plymouth,  for  the  years  1841,  1842,  1843  ;— W.  R.  Rirt,  Report  on  Atmospheric  Waves; 
— L.  Agassis,  Rapport  sur  les  Poissons  Fossiles  de  1' Agile  de  Londres,  with  translation ; — J. 
S.  Russell,  Report  on  Waves ; — Provisional  Reports,  and  Notices  of  Progress  in  Special  Re- 
searches entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Dean  of  Ely's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FIFTEENTH  MEETING,  at  Cambridge, 

1845,  Published  ail  2s. 

Contents  :— Seventh  Report  of  a  Committee  appointed  to  conduct  the  Co-operation  of  the 
British  Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observa- 
tions ; — Lt.-Col.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay ; — J.  Blake,  Report 
on  the  Physiological  Actions  of  Medicines  ; — Dr.  Von  Boguslawski,  on  the  Comet  of  1843 ; 
— R.  Hunt,  Report  on  the  Actinograph; — Prof.  Schonbein,  on  Ozone;— Prof.  Erman,  on 
the  Influence  of  Friction  upon  Thermo- Electricity; — Baron  Senftenberg,  on  the  Self- 
Registering  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg; — 
W.  R.  Birt,  Second  Report  on  Atmospheric  Waves; — G.  R.  Porter,  on  the  Progress  and  Pre- 
sent Extent  of  Savings'  Banks  in  the  United  Kingdom ; — Prof.  Bunsen  and  Dr.  Playfair, 
Report  on  the  Oases  evolved  from  Iron  Furnaces,  with  reference  to  the  Theory  of  Smelting 
of  Iron ; — Dr.  Richardson,  Report  on  the  Ichthyology  of  the  Seas  of  China  and  Japan ; — 
Report  of  the  Committee  on  the  Registration  of  Periodical  Phenomena  of  Animals  and  Vege- 
tables ; — Fifth  Report  ot  the  Committee  on  the  Vitality  of  Seeds ; — Appendix,  &c. 

Together  with  the  Transactions  of  the  Sections,  Sir  J.  F.  W.  Herschel's  Address,  and  Re. 
commendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SIXTEENTH  MEETING,  at  Southampton, 

1846,  Published  at  \5s. 

Contents: — G.  G.  Stokes,  Report  on  Recent  Researches  in  Hydrodynamics; — Sixth 
Report  of  the  Committee  on  the  Vitality  of  Seeds ; — Dr.  Schunck  on  the  Colouring  Matters  of 
Madder ; — J.  Blake,  on  the  Physiological  Action  of  Medicines;— R.  Hunt,  Report  on  the  Ac* 
tlnograph ;— R.  Hunt,  Notices  on  the  Influence  of  Light  on  the  Growth  of  Plants ;— R.  L. 
Ellis,  on  the  Recent  Progress  of  Analysis ; — Prof.  Forchhammer,  on  Comparative  Analytical 
Researches  on  Sea  Water ; — A.  Erman,  on  the  Calculation  of  the  Gaussian  Constants  for 
1829; — G.  R.  Porter,  on  the  Progress,  present  Amount,  and  probable  future  Condition  of  the 
Iron  Manufacture  in  Great  Britain  ; — W.  R.  Birt,  Third  Report  on  Atmospheric  Waves  ;— 
Prof.  Owen,  Report  on  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton  ;— 
J.  Phillips,  on  Anemometry; — J.  Percy,  M.D.,  Report  on  the  Crystalline  Flags ;— Addenda 
to  Mr.  Birt's  Report  on  Atmospheric  Waves. 

Together  with  the  Transactions  of  the  Sections,  Sir  R.  I.  Murchison's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  SEVENTEENTH  MEETING,  at  Oxford, 
1M7,  Published  at  l$s. 

Contents  :— Prof.  Langberg,  on  the  Specific  Gravity  of  Sulphuric  Acid  at  difiereot  de- 
grees of  dilution,  and  on  the  relation  which  exists  between  the  Development  of  Heat  and  the 
coincident  contraction  of  Volume  in  Sulphuric  Acid  when  mixed  with  Water : — R.  Hunt, 
Researches  on  the  Influence  of  the  Solar  Rays  on  the  Growth  of  Plants  5— - R.  Mallet,  oo 
the  Facts  of  Earthquake  Phenomena ; — Prof.  Nilsson,  on  the  Primitive  Inhabitants  of  Scan- 
dinavia ; — W.  Hopkins,  Report  on  the  Geological  Theories  of  Elevation  and  Earthquakes; 
—Dr.  W.  B.  Carpenter,  Report  on  the  Microscopic  Structure  of  Shells ; — Rev.  W.  WheweA  and 
Sir  James  C.  Ross,  Report  upon  the  Recommendation  of  an  Expedition  for  the  purpose  af 
completing  our  knowledge  of  the  Tides; — Dr.  Schunck,  on  Colouring  Matters ;— Seventh  Re- 
port of  the  Committee  on  the  Vitality  of  Seeds ;— J.  Glynn,  on  the  Turbine  or  Horiaoatal 
Water- Wheel  of  France  and  Germany ; — Dr.  R.  G.  Latham,  on  the  present  state  and  receai 
progress  of  Ethnographical  Philology ; — Dr.  J.  C.  Prichard,  on  the  various  methods  of  Research 
which  contribute  to  the  Advancement  of  Ethnology,  and  of  the  relations  of  that  Science  to 
other  branches  of  Knowledge ; — Dr.  C.  C.  J.  Bunsen,  on  the  results  of  the  recent  Egyptian 
researches  in  reference  to  Asiatic  and  African  Ethnology,  and  the  Classification  of  Languages ; 
— Dr.  C.  Meyer,  on  the  Importance  of  the  Study  of  the  Celtic  Language  aa  exhibited  by  the 
Modern  Celtic  Dialects  still  extant ; — Dr.  Max  Miiller,  on  the  Relation  of  the  Bengali  to  the 
Arian  and  Aboriginal  Languages  of  India ; — W.  R.  Birt,  Fourth  Report  on  Atmospheric 
Waves ; — Prof.  W.  H.  Dove,  Temperature  Tables ;  with  Introductory  Remarks  by  iieuL-Cet 
E.  Sabine  ; — A.  Erman  and  H.  Petersen,  Third  Report  on  the  Calculation  of  the  Gaussian  Con- 
stants for  1829. 

Together  with  the  Transactions  of  the  Sections,  Sir  Robert  Harry  Inglis's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  EIGHTEENTH  MEETING,  at  Swansea, 

1848,  Published  at  9s. 

Contents: — Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors j— 
J.  Glynn  on  Water-pressure  Engines ; — R.  A.  Smith,  on  the  Air  and  Water  of  Towns , — Eighth 
Report  of  Committee  on  the  Growth  and  Vitality  of  Seeds ; — W.  R.  Birt,  Fifth  Report  on  At- 
mospheric Waves ;— -E.  Schunck,  on  Colouring  Matters ; — J.  P.  Budd,  on  the  advantageous  use 
made  of  the  gaseous  escape  from  the  Blast  Furnaces  at  the  Ystalyfera  Iron  Works; — R.  Hunt, 
Report  of  progress  in  the  investigation  of  the  Action  of  Carbonic  Acid  on  the  Growth  of 
Plants  allied  to  those  of  the  Coal  Formations ; — Prof.  If.  W.  Dove,  Supplement  to  the  Tem- 
perature Tables  printed  In  the  Report  of  the  British  Association  for  1847 ; — Remarks  by  Pro! 
Dove  on  his  recently  constructed  Maps  of  the  Monthly  Isothermal  Lines  of  the  Globe,  and  on 
some  of  the  principal  Conclusions  in  regard  to  Climatology  deducible  from  them ;  with  an  in- 
troductory Notice  by  Lt-Col.  E.  Sabine ; — Dr.  Daubeny,  on  the  progress  of  the  investigation 
on  the  Influence  of  Carbonic  Acid  on  the  Growth  of  Ferns ; — J.  Phillips,  Notice  of  further 
progress  in  Anemometrical  Researches} — Mr.  Mallet's  Letter  to  the  Assistant-General  Secre- 
tary ; — A.  Erman,  Second  Report  on  the  Gaussian  Constants ; — Report  of  a  Committee 
relative  to  the  expediency  of  recommending  the  continuance  of  the  Toronto  Magnetics!  and 
Meteorological  Observatory  until  December  1850. 

Together  with  the  Transactions  of  the  Sections,  the  Marquis  of  Northampton's  Address, 
and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  NINETEENTH  MEETING,  at  Birmingham, 

1849,  Published  at  10*. 

Contents  :— Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors ; — Earl 
of  Rosse,  Notice  of  Nebulae  lately  observed  in  the  Six-feet  Reflector ;— Prof.  Daubeny,  on  the 
Influence  of  Carbonic  Acid  Gas  on  the  health  of  Plants,  especially  of  those  allied  to  the  FossQ 
Remains  found  in  the  Coal  Formation  ; — Dr.  Andrews,  Report  on  the  Heat  of  Combination ; 
—Report  of  the  Committee  on  the  Registration  of  the  Periodic  Phenomena  of  Plants  and 
Animals;— -Ninth  Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; 
— F.  Ronalds,  Report  concerning  the  Observatory  of  the  British  Association  at  Kew,  mm 
Aug.  9, 1848  to  SepL  12,  1840 ;— R.  Mallet,  Report  on  the  Experimental  Inquiry  oo  Railway 
Bar  Corrosion;— W.  R.  Birt,  Report  on  the  Discussion  of  the  Electrical  Observation*  at  Kew. 

Together  with  the  Transactions  of  the  Sections,  the  Rev.  T.  R.  Robinson's  Address,  and 
Rocommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTIETH  MEETING,  at  Edinburgh, 

1850,  Published  at  15s. 

Contents  : — R.  Mallet,  First  Report  on  the  Facts  of  Earthquake  Phenomena  j — Rev.  Pret 
Powell,  on   Observations  of  Luminous  Meteors;— Dr.  T.  Williams,  on  the  Structure  and 


History  of  the  British  Annelida; — T.  C.  Hunt,  Results  of  Meteorological  Observations  taken 
at  St  Michael's  from  the  1st  of  January,  1840,  to  the  31st  of  December,  1849;— R.  Hunt,  on 
the  present  State  of  our  Knowledge  of  the  Chemical  Action  of  the  Solar  Radiations ;— Tenth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Major-Gen. 
Brigge,  Report  on  the  Aboriginal  Tribes  of  India; — P.  Ronalds,  Report  concerning  the  Ob- 
servatory of  the  British  Association  at  Kew ;— E.  Forbes,  Report  on  the  Investigation  of  British 
Marine  Zoology  by  means  of  the  Dredge ; — R.  MacAndrew,  Notes  on  the  Distribution  and 
Range  in  depth  of  Mollusca  and  other  Marine  Animals,  observed  on  the  coasts  of  Spain,  Por- 
tugal, Barbary,  Malta,  and  Southern  Italy  in  1849 ; — ProC  AUman,  on  the  Present  State  of 
our  Knowledge  of  the  Freshwater  Polyzoa ; — Registration  of  the  Periodical  Phenomena  of 
Plants  and  Animals  ; — Suggestions  to  Astronomers  fbr  the  Observation  of  the  Total  Eclipse 
of  the  Sun  on  July  28,  1891. 

Together  with  the  Transactions  of  the  Sections,  Sir  David  Brewster's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY- FIRST  MEETING,  at  Ipgwich, 

1851,  Published  at  16*.  6d. 

Contents  : — Rev.  Prof.  Powell,  on  Observations  of  Luminous  Meteors ;— Eleventh  Re- 
port of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ;— Dr.  J.  Drew,  on 
the  Climate  of  Southampton  ; — Dr.  R.  A.  8mith,  on  the  Air  and  Water  of  Towns :  Action  of 
Porous  Strata,  Water  and  Organic  Matter ;— Report  of  the  Committee  appointed  to  consider 
the  probable  Effects  in  an  (Economical  and  Physical  Point  of  View  of  the  Destruction  of  Tro- 
pical Forests ; — A.  Henfrey,  on  the  Reproduction  and  supposed  Existence  of  Sexual  Organs 
in  the  Higher  Cryptogamous  Plants ; — Dr.  Daubeny,  on  the  Nomenclature  of  Organic  Com- 
pounds;—Rev,  Dr.  Donaldson,  on  two  unsolved  Problems  in  Indo-German  Philology; — 
Dr.  T.  Williams,  Report  on  the  British  Annelida; — R.  Mallet,  Second  Report  on  the  Facts  of 
Earthquake  Phenomena ; — Letter  from  Prof.  Henry  to  Col.  Sabine,  on  the  System  of  Meteoro- 
logical Observations  proposed  to  be  established  in  the  United  States; — Col.  Sabine,  Report 
on  the  Kew  Magnetographs ; — J.  Welsh,  Report  on  the  Performance  of  his  three  Magneto- 
graphs  during  the  Experimental  Trial  at  the  Kew  Observatory  ; — F.  Ronalds,  Report  concern- 
ing the  Observatory  of  the  British  Association  at  Kew,  from  September  12, 1850,  to  July  31, 
1851  ; — Ordnance  Survey  of  Scotland. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Airy's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SECOND  MEETING,  at  Belfast, 

1852,  Published  at  15s. 

Contents  : — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena ; — Twelfth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Rev.  Prof. 
Powell,  Report  on  Observations  of  Luminous  Meteors,  1851-52; — Dr.  Gladstone,  on  the  In- 
fluence of  the  Solar  Radiations  on  the  Vital  Powers  of  Plants ; — A  Manual  of  Ethnological 
Inquiry; — Col.  Sykes,  Mean  Temperature  of  the  Day,  and  Monthly  Fall  of  Rain  at  127  Sta- 
tions under  the  Bengal  Presidency ; — Prof.  J.  D.  Forbes,  on  Experiments  on  the  Laws  of  the 
Conduction  of  Heat; — R.  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations; — Dr.  Hodges, 
on  the  Composition  and  (Economy  of  the  Flax  Plant ; — W.  Thompson,  on  the  Freshwater 
Pishes  of  Ulster; — W.  Thompson,  Supplementary  Report  on  the  Fauna  of  Ireland; — W.  Wills, 
on  the  Meteorology  of  Birmingham;— J.  Thomson,  on  the  Vortex-Water-  Wheel ;— J.  B.  Lawes 
and  Dr.  Gilbert,  on  the  Composition  of  Foods  in  relation  to  Respiration  and  the  Feeding  of 
Animals. 

Together  with  the  Transactions  of  the  Sections,  Colonel  Sabine's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-THIRD  MEETING,  at  Hull, 

1853,  Published  at\0s.6<L 

Contents:— Rev.  Prof.  Powell, Report  on  Observations  of  Luminous  Meteors,  1852*53; 
— James  Oldham,  on  the  Physical  Features  of  the  H umber ; — James  Oldham,  on  the  Rise, 
Progress,  and  Present  Position  of  Steam  Navigation  in  Hull, — William  Fairbairn,  Experi- 
mental Researches  to  determine  the  Strength  of  Locomotive  Boilers,  and  the  causes  which 
lead  to  Explosion ;— J.  J.  Sylvester,  Provisional  Report  on  the  Theory  of  Determinants ;— 
Professor  Hodges,  M.D.,  Report  on  the  Gases  evolved  in  Steeping  Flax,  and  on  the  Composition 
and  (Economy  of  the  Flax  Plant; — Thirteenth  Report  of  Committee  on  Experiments  on  the 
Growth  and  Vitality  of  Seeds ; — Robert  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations; 
— John  P.  Bell,  M.D.,  Observations  on  the  Character  and  Measurements  of  Degradation  of  the 
Yorkshire  Coast;  First  Report  of  Committee  on  the  Physical  Character  of  the  Moon's  Sur- 
face, as  compared  with  that  of  the  Earth ; — R.  Mallet,  Provisional  Report  on  Earthquake 


W  e-Tranaits;  and  on  Seisroometrical  Instrument*;— William  Fairbairn,  on  the  Mechanical 
Properties  of  Metals  as  derived  from  repeated  Meltings,  exhibiting  the  maximum  point  of 
strength  and  the  causes  of  deterioration; — Robert  Mallet,  Third  Report  on  the  Facts  ofBanh* 
quake  Phenomena  (continued). 

Together  with  the  Transactions  of  the  Sections,  Mr.  Hopkins's  Address,  and  Recommenda- 
tions  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FOURTH  MEETING,  at  Lnrer- 
pool,  1854,  Published  at  ISs. 

Contents: — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena  (continued) ; 
— Major-General  Chesney,  on  the  Construction  and  General  Use  of  Efficient  life-Boats; — Rev. 
Prof.  Powell,  Third  Report  on  the  present  State  of  our  Knowledge  of  Radiant  Heat ; — Colonel 
Sabine,  on  some  of  the  results  obtained  at  the  British  Colonial  Magnetic  Observatories  5— 
Colonel  Portlock,  Report  of  the  Committee  on  Earthquakes,  with  their  proceedings  respecting 
Seismometers ; — Dr.  Gladstone,  on  the  influence  of  the  Solar  Radiations  on  the  Vital  Powers 
of  Plants,  Part  2;— Rev.  Pro£  Powell,  Report  on  Observations  of  Luminous  Meteors,  1853-54; 
—Second  Report  of  the  Committee  on  the  Physical  Character  of  the  Moon's  Sursace  j— W.  G. 
Armstrong,  on  the  Application  of  Water- Pressure  Machinery ; — J.  B.  Lawes  and  Dr.  Gilbert, 
on  the  Equivalency  of  Starch  and  Sugar  in  Food ; — Archibald  Smith,  on  the  Deviations  of  the 
Compass  in  Wooden  and  Iron  Ships ;  Fourteenth  Report  of  Committee  on  Experiments  on 
the  Growth  and  Vitality  of  Seeds. 

Together  with  the  Transactions  of  the  Sections,  the  Earl  of  Harrowby's  Address,  and  Re* 
commendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FIFTH  MEETING,  at  Glasgow, 
1855,  Published  at  15s. 

Contents  :— T.  Dobson,  Report  on  the  Relation  between  Explosions  in  Coal" Mines  and 
Revolving  Storms; — Dr.  Gladstone,  on  the  Influence  of  the  Solar  Radiations  on  the  Vital  Powers 
of  Plants  growing  under  different  Atmospheric  Conditions,  Part  3 ; — C.  S pence  Bate,  on  the 
British  Edriophthalma ; — J.  F.  Bateman,  on  the  present  state  of  our  knowledge  on  the  Supply 
of  Water  to  Towns ; — Fifteenth  Report  of  Committee  on  Experiments  on  the  Growth  and 
Vitality  of  Seeds ; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1854-55 ; 
—Report  of  Committee  appointed  to  inquire  into  the  best  means  of  ascertaining  those  pre* 
perties  of  Metals  and  effects  of  various  modes  of  treating  them  which  are  of  importance  to  the 
durability  and  efficiency  of  Artillery ; — Rev.  Prod  Henslow,  Report  on  Typical  Objects  in 
Natural  History ; — A.  Follett  Osier,  Account  of  the  Self- Registering  Anemometer  and  Rahv 
Gauge  at  the  Liverpool  Observatory ; — Provisional  Reports. 

Together  with  the  Transactions  of  the  Sections,  the  Duke  of  Argyll's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SIXTH  MEETING,  at  Chel- 
tenham, 1856,  Published  at  ISs. 

Contents  ; — Report  from  the  Committee  appointed  to  investigate  and  report  upon  the 
effects  produced  upon  the  Channels  of  the  Mersey  by  the  alterations  which  within  the  last 
fifty  years  have  been  made  in  its  Banks;— J.  Thomson,  Interim  Report  on  progress  in  Re- 
searches on  the  Measurement  of  Water  by  Weir  Boards ; — Dredging  Report,  Frith  of  Clyde, 
1856; — Rev.  B.  Powell,  Report  on  Observations  of  Luminous  Meteors,  185S-1856, — Prci 
Bunsen  and  Dr.  H.  E.  Roscoe,  Photochemical  Researches ; — Rev.  James  Booth,  on  the  Trigo- 
nometry of  the  Parabola,  and  the  Geometrical  Origin  of  Logarithms  ;— R.  MacAndrew,  Report 
on  the  Marine  Testaceous  Molluscs  of  the  North-east  Atlantic  and  Neighbouring  Seas,  and 
the  physical  conditions  affecting  their  development ; — P.  P.  Carpenter,  Report  on  the  present 
state  of  our  knowledge  with  regard  to  the  Molluscs  of  the  West  Coast  of  North  America;— 
T.  C.  Eyton,  Abstract  of  First  Report  on  the  Oyster  Beds  and  Oysters  of  the  British  Shores; 
—Prof.  Phillips,  Report  on  Cleavage  and  Foliation  in  Rocks,  and  on  the  Theoretical  Expla- 
nations of  these  Phenomena:  Part  I. ; — Dr.  T.  Wright  on  the  Stratigraphies!  Distribution  of 
the  Oolitic  Echinodermata ; — W.  Fairbairn,  on  the  Tensile  Strength  of  Wrought  Iron  at  varioss 
Temperatures ; — C.  Atherton,  on  Mercantile  Steam  Transport  Economy ; — J.  S.  Bowerbank,  on 
the  Vital  Powers  of  the  Spongiadse; — Report  of  a  Committee  upon  the  Experiments  conducted 
at  Stormontfield,  near  Perth,  for  the  artificial  propagation  of  Salmon ; — Provisional  Report  oa 
the  Measurement  of  Ships  for  Tonnage ; — On  Typical  Forms  of  Minerals,  PUnts  and  AnimaU 
for  Museums ; — J.  Thomson,  Interim  Report  on  Progress  in  Researches  on  the  Measure- 
ment of  Water  by  Weir  Boards; — R.  Mallet,  on  Observations  with  the  Seismometer ,— A. 
Cayley,  on  the  Progress  of  Theoretical  Dynamics , — Report  of  a  Committee  appointed  to  con- 
sider the  formation  of  a  Catalogue  of  Philosophical  Memoirs. 

Together  with  the  Transactions  of  the  Sections,  Dr.  Daubeny's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 
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Glasgow. 

Roberts,  John,  101  Upper  Parliament 
Street,  Liverpool. 

Roberts,  M  ichaeI,TrinityCollege,  Dublin. 

Robinson,  C.  B.,  The  Shrubbery,  Lei- 
cester. 

Ronalds,  Francis,  F.R  S. 

Ross,  David,  LL.B.,  Drumbrain  Cottage, 
Dublin. 

Round,  Daniel  George,  Hange  Colliery 
near  Tipton,  Staffordshire. 

Russell,  Rev.  Professor  C.  W„  D.D., 
St  Patrick's  College,  Maynooth. 

Sanders,  Gilbert,  M.R.I.A.,  2  Foster 
Place,  Dublin. 

Salmon,  Rev.  George,  D.D.,  M.R.I.A., 
Trinity  College,  Dublin. 

Scallan,  James  Joseph,  77  Harcourt 
Street,  Dublin. 

Scott,  Robert  H.,  1  Salem  Place ;  and 
5  Trinity  College,  Dublin. 

Shaw,  Norton,  M.D.,  Secretary  to  the 
Royal  Geographical  Society,  Lon- 
don ;  15  Whitehall  Place,  London. 

Shewell,  John  T.,  Rushmere,  Ipswich. 

Sidney,  Frederick  J.,  M.D.,  M.R.LA., 
19  Herbert  Street,  Dublin. 

Siegfried,  Rudolph  T.,  4  Lennox  Street, 
Dublin. 

Siemens,  C.  William,  1  Kensington  Ter- 
race, Kensington,  London. 

Sleddon,  Francis,  2  Kingston  Terrace, 
Hull. 

Sloper,  George  Elgar,  jun.,  Devizes. 

Smith,  Aquila,  M.D.,  M.R.I.A.,  121 
Lower  Baggot  Street,  Dublin. 


16 


ANNUAL  SUBSCRIBERS. 


Smith,  Robert  Angus,  Ph.D.,  20  Gros- 
venor  Square,  Manchester. 

Smith,  William,  C.  E.,  10  Salisbury  Street, 
Adelphi,  London. 

Snow,  John,  M.D.,  Sackville  Street, 
London. 

Sorby,  Henry  Clifton,  F.G.S.,  Broom- 
field,  Sheffield. 
•  Spence,  Peter,  Pendleton  Alum  Works, 
Manchester. 

Spence.  William,  F.R.S.,  V.P.L.S.,  18 
Lower  Seymour  Street,  Portman  Sq., 
London. 

Spence,  W.  B.,  18  Lower  Seymour  Street, 
Portman  Square,  London. 

Stack,  Thomas,  M.A.,  Regius  Professor 
of  Greek  in  the  University  of  Dublin, 
23  Trinity  College,  Dublin. 

Steel,  William  E.,  M.D.,  15  Hatch 
Street,  Dublin. 

Stevelly,  John,  LL.D.,  Professor  of  Na- 
tural Philosophy  in  Queen's  College, 
Belfast. 

Stewart,  Balfour,  13  Rutland  Square, 
Edinburgh. 

Stoney,  Bindon  B.,  M.R.I. A.,  89  Wa- 
terloo Road,  Dublin. 

Stoney,  G.  Johnstone,  M.A.,  Galway. 

Stuart,  William,  1  Rumford  Place,  Liver- 
pool. 

Stubs,  Joseph,  Park  House,  Frodsham, 
Cheshire. 

Sullivan,  William  K.,  Ph.D.,  Museum  of 
Irish  Industry,  Dublin. 

Talbot,  William  Hawkshead,  Wrighting- 

ton  near  Wigan. 
Tartt,W.  Macdowal,    Sandford  Place, 

Cheltenham. 
Taylor,  William  Edward,  Enfield  near 

Accrington. 
Tennison,  Edw.  King,  M.R.I.A.,  Kildare 

Street  Club  House,  Dublin. 
Terry,  John,  15  Albion  Street,  Hull. 
Teschemacher,  E.  F.,  ]  Highbury  Park 

North,  London. 
Thorburn,  Rev.  William  Reid,  M.A., 

Starkies,  Bury,  Lancashire. 
Tombe,  Rev.  H.  J.,  Ballyfree,  Ashford, 

Co.  Wicklow. 
Townsend,  Rev.  Richard,  33  College, 

Dublin. 
Turnbull,  John,  Bonhill  House,  Dum- 
bartonshire. 


Tuton,  Edward  S.,  Lime  Street,  Liverpool 

Varley;  Cornelius,  7  York  Place,  High 
Road,  Kentish  Town,  London. 

Voelcker,  J.  Ch.  Augustus,  Pb,D.,  F.C.S* 
Professor  of  Agricultural  Chemistry, 
Royal  Agricultural  College,  Ciren- 
cester. 

Walker,  Charles  V.,  F.R.S.,  Fernnde 

Villa,  Red  Hill  near  Reigate. 
Walker,  John  James,  M.A.,  2  Trinity 

College,  Dublin. 
Waller,  Edward,  LisenderryAughnadoy, 

Ireland. 
Walsh,  Albert  J.,  89  Harcourt  Street, 

Dublin. 
Ward,  John  S.,  Sunderland. 
Warington,    Robert,    F.C.S.,   Apothe- 
caries' Hall,  London. 
Watt,  William,   Flax  Works,  Bedford 

Street,  Belfast. 
Watts,  John  King,  F.R.G.S.,  St.  Ives, 

Huntingdonshire. 
Widdup,  S.,    Penzance,    Kiliurn,   Co. 

Wexford. 
Wilkinson,  George,  Monkstown,  Ireland. 
Williams,  Rev.  James,  D.D.,  M.R.I.A., 

Llanfeirwynghowny,  Holyhead. 
Williamson,  Benjamin,  Trinity  College, 

Dublin. 
Willock,  Rev.  W.  N.,  D.D.,   Cleenish, 

Enniskillen,  Ireland. 
Wilson,  J.  Moncrieff,  9  College  Green, 

Dublin. 
Woodall,  Captain    John  Woodall,  St 

Nicholas  House,  Scarborough. 
Woolley,  Rev.  J.,  LL.D.,  H.M.Dock- 

yard,  Portsmouth. 
Woolley,  Thomas  Smith,  South  Colling* 

ham,  Newark. 
Wornell,  George,2  Park  Crescent,  Oxford. 
Worthy,  G.S.,  St.  James' Barton,  Bristol 
Wright,  Edward,  LL.D.,  M.R.LA.,43 

Dame  Street,  Dublin. 
Wright,  E.  P.,  Museum,  Trinity  College, 

Dublin. 
Wright,  Thomas,  F.S.A.,  14  Sydney  St., 

Brompton,  London. 

Yates,  Edward,  30  Compton  Terrace, 

Islington,  London. 
Yeats,  John,  F.R.G.S.,  Leicester  House, 

Peckham,  London. 
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